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lOTRQiDTOTXOir 

7h»  first  ezp«rlosnt8  eonecmed  with  th«  indnetlon  of  orolatloa 
the  loplantatlon  of  pituitary  gLmtAt  were  perforaed  on  msonftl* 
(Asoheim,  1926:  Smith,  1926;  Zondek,  1926).    Since  then  mny  workers 
hare  demonstrated  that  pituitary  materiala  will  Induce  ovulation  in 
repreaentatives  from  most  of  the  rertehrate  dassee  (Ostelchthyes: 
IcMWMgr.  1931:  Nohle,  1936;  Aanhlbia:    Wolf.  1929:  Ru^.  193^J  Roetand. 
I93ht  Shapiro,  1936:  Rentiliat    Houssay,  1930?  CJunnin^o  and  Smart, 
193<^:  Aveat    Riddle  and  Flendon,  1928{  Ha—aliai    FrledMA,  1929; 
Hlaawslai'f  1935.  and  many  others).  , 

Because  of  the  ainplielty  of  ita  ovarian  atruettire  and  general 
sTallability,  aenbers  of  the  Anura  have  been  used  widely  in  ezperi- 
Mntal  et\;diee  of  gonad-endocrine  relationahipa.    Strueturally,  the 
anuran  orary  is  essentially  a  hollow  sac  i^ose  walls  consist  of  a 
double  aeaibrans  oontaining  scattered  smooth  ooacle  cells  and  fg 
folllelss.    As  the  folllelss  mtore,  they  stretch  the  inner  cell 
layer    and  gradually  project  into  the  cavity  within  the  ovary.  In 
ovulation,  the  ovub  passes  throu^  the  thin  outer  membrane  into  the 
eoelofflic  cavity.    The  procsas  of  ovulation  and  the  anatony  of  the 
ovary  have  been  thorou^y  described  by  Hu^  (1935)  • 

The  early  |ji  vivo  experiments  involving  pituitary  injection 
and  bypophyseetemy  revealed  considerable  information  conoernia< 


•pedes  specificity  and  leaeonal  periodicity  In  An^Mbla  {Houaeay 
and  Olustl,  1929?  Ad«ja«.  1930;  Adaaa  and  Granger,  193C;  Greater  and 
fInrTiMii.  1939)*    tta^  (1937)  presented  quantltatlre  data  on  differ* 
ences  In  hormone  potency  In  male  and  female  gonadotropic  factors, 
•MBonal  variation  In  the  concentration  of  pituitary  hormones,  and 
variations  In  response  "by  recipient  fenales  of  different  else  and 
naturity* 

In  1935  Hugh  showed  that  excised  orerles  from  R2a&  plnlens  would 
eiTulate  noraally  In  Singer's  solution  when  their  donors  were  Injected 
with  pituitary  materials  some  hours  before  the  remoral  of  the  ovary. 
Zn  the  first  experiments  exclusively  enjoying  the  XSk  ^Itro  ovulation 
technique  (Keilbrunn,  Beu^erty,  and  vfllbur,  1939),  ^le  untreated 
ovaries  were  suspended  in  Ringer's  solution  containing  aaeerated 
pituitary  glands.    Ovulation  occurred  in  twelve  to  twenty  hours,  and 
all  ei^s  so  ovulated  showed  first  polar  body  formation  as  do  eggs 
ovulating  naturally.     '  '  ' 

lyaa  and  Grant  (19^^)  developed  a  sli^t  modification  of  this 
technique  by  placing  smell  pieces  of  ovary  from  Bana  ■plTslens  in 
Ringer's  solution  to  idxleh  maeerated  plt\iitary  concentrations  had 
been  added.    Theee  workers  heli>ed  to  establish  the  normalcy  of  ii^ 
vltyp  ovulation  by  artificially  fertilising  eggt  which  had  been 
placed  in  the  coelom  of  an  ovarlectomized  female  and  allowed  to  pas* 
throTigh  the  ovidiicts  to  receive  a  Jelly  oeat.    Sudh  eggs  cleaved 
normally  and  many  hatched  into  swimning  larvae. 


In  19^,  yfri^t  described  sone  of  the  quetatitatlTe  and  Mo- 
ohendeal  aapeots  of      vitro  orulatlon  in  Rsna  •pi-plena.    He  showed 
that  the  oYtdation  response      ritrp  varied  seasonally  as  Bug^i  (1937) 
had  demonstrated      Zi22.«    H«  also  considered  the  effects  of  pituitary 
dosage,  temperature,  and  the  relationship  of  time  to  |£  vitro  oTulSi- 
tion.    Wjri^t  and  Hisav  (19^)  demonstrated  that  naanalian  pituitary 
extracts  (FSH  and  LH)  elicit  ovulation  both  ^n  viyp  and  in  vitrq. 
A  combination  of  F3H  and  IS  produced  ovulation  in  normal  and  hypo- 
physectomized  frogs  as  well  as  in  ovarian  fragments  ia  vitro*  Wright 
(19^)  reported  that  hypophysectoay  brought  about  an  increased  respon- 
siveness of  the  ovary  to  pituitary  substances  Isl  vitro*    This  tsaporary 
sensitization  of  the  ovary  was  thought  to  be  caused  by  the  release  of 
gonadotropins  from  the  anterior  lobe  during  the  ooTirse  of  the  operation. 
This  hypothesis  was  strengthened  by  the  increase  of  orulation  vitrp 
found  following  the  immersion  of  OTarian  pieces  in  serum  taken  from 
hjnpephysectomixed  frogs  (Wri^t  and  Macintyro,  1950). 

i&  vitro  OTulation  studies  hare  been  done  on  the  eastern 
•padefoot  toad  (Scauhio-pus  holbrooki).    In  fact,  relatively  little  it 
known  about  this  toad's  reproductive  physiology  or  breeding  cycle. 
Tield  data  Indicate  that  this  species  is  q:alte  remarkable  in  its 
ability  to  breed  over  a  wide  number  of  months  (January  to  October). 
It  appears  that  the  spadefoot  does  not  follow  a  seasonal  pattern  of 
breeding  like  that  of  most  Astphibia,  but  breeds  at  any  time  of  the 


jBar  MAnBn  mrvlronnental  eondltlonf  ar«  toI table.    It  ha«  long  been 
reeo^sed  by  herpetologlste  and  naturalists  that  this  spades  Is 
stiimilated  to  breed  bj  heary  ralof  all  daring  the  warmer  tsonths.  The 
exact  mechanisai  by  vhich  this  enrironsaental  stimlue  affects  the  toad 
is  tmknowu 

Uning  the  te^niqtie  of  XJSL  '^^ro  ovulation,  it  wm  hoped  that 
this  study  ndfht  contribute  toward  a  better  kaovled^  of  the  phyelolo^ 
ieal  processes  imrolved  in  ovulation  as  well  as  the  neural <-honBonal 
process  involved  in  the  breeding  response  of  the  spadefoot.    The  pur- 
pose of  the  present  investi^tion  v&s  therefore  twofold:    first,  to 
study  a  noaber  of  factors  affecting  ovulation  Ijj,  vitrq.  and  second, 
to  attempt  to  discover  some  of  the  physiological  and  ecological  factors 
Involved  in  the  breeding  of  the  spssdefoot  toad. 


KATXRIALS  ASS  KITHDDS 

ApproTlast«ly  100?  apadefoot  toeds  were  used  In  th«  sttJdjr, 
All  were  collected  from  a  spacious  dairy  pasture  located  about  six 
miles  southwest  of  GaimsTllle,  Florida.    Collections  were  laade  at 
night,  with  the  aid  of  a  head  light  powered  hy  a  six-volt  battery. 
Toads  were  easily  located  by  the  reflection  of  the  llglit  tram  their 
eyes. 

Following  collection,  the  sexes  were  separated  in  the  labera* 
tory.    Spadefoots  were  placed  in  square-sheped  gallon  jsrs*  each 
containing  ten  to  twelve  toads.    A  thin  film  of  water  in  the  bottom 
protected  the  animals  from  desiccation.    The  water  was  changed 
periodically.    The  Jar  lids  were  set  on  loosely  to  allow  sufficient 
fresh  air.    The  spadefoots  were  stored  in  a  refrigerator  net  at 
12°  C.  where  they  could  be  kept  in  a  state  of  dormancy  for  several 
months  without  feeding.    Most  toads,  however,  were  used  during  the 
same  i»>nth  in  ^Mc3i  they  were  collected. 

In  general,  the  laboratory  procedures  were  similar  to  those 
described  by  Wright  (19^).    The  ovarian  donors  were  moderpte  to 
large  females  wei^iing  from  10  to  22  grams  and  having  head  widths 
varying  from  18  to  23  nas.    It  was  fotmi  that  no  relationship  existed 
between  the  size  of  the  female  and  the  size  or  maturity  of  the  eggs. 
Thus  a  wide  range  of  sizes  could  be  utilised.    By  pressing  upon  the 
abdominal  wall  and  pushing  one  ovary  to  the  transparent  groin  area. 
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each  female  was  exajalned  for  a  tixLl  ooiopleBent  of  satare  egg*. 
In  this  way,  iaBature  or  barren  feaeles  were  oidled  rather  than 
needlessly  sacrificed. 

The  oTaries  (Pl.  I,  fig.  1),  which  are  sliailar  to  those  of 
other  anurana  in  structure,  were  removed  from  freshly  killed  females 
and  placed  in  a  Petri  didn  containing  30  ml.  of  Holtfreter*s  solu- 
tion (normal  solntloB),  which  is  approzlBately  isotonic  with  amphihian 
eahryonic  tissues  (Holtfreter,  19^5).    The  ovaries  were  later  removed 
from  the  solution,  weighed,  and  then  cut  into  small  pieces  contain* 
ing  twenty  to  thirty-five  eggs  each.    These  fragments  were  suspended 
by  cotton  threads  in  stopnered  vials  containing  10  ml.  of  Holtfreter's 
solution  (Pl.  I,  figs.  2  and  3).    Pituitary  homogenate,  usually 
prepared  from  the  anterior  lobes  (para  distalis)  of  adult  male  toads, 
MUi  added  to  this  fluid  to  indtiee  ovulation. 

The  extirpation  of  the  pituitary  gland  was  relatively  simple. 
By  Beans  of  a  quick  cut  with  scissors  throu^  the  angle  of  the  mouth 
and  across  the  cervical  region,  the  entire  cranium  was  removed  froB 
the  body  and  lower  Jaw.    A  second  transverse  cut  removed  the  remain- 
ing cervical  vertebrae  and  exposed  the  foramen  magnum  (Pl,  II,  fig, 
1).    The  skin  covering  the  roof  of  the  mouth  was  pulled  off  anterior- 
ly with  a  pair  of  heavy  forceps  (Pl,  II,  fig.  2),    Each  lateral  pro- 
jection of  the  exposed  T-shaped  parasphenoid  bone  was  cut  with  a  pair 


of  fine-pointed  sdseon.    Tben  one  bl&de  of  the  eeiseors  wat  In- 
serted into  the  foraiaen  mg^gmua.  lateral  to  the  medulla,  and,  with 
the  other  hlade  resting  upon  the  lateral  process  of  the  parasphenoid 
bone,  a  single  cut  was  aade  along  either  side  of  the  ventral  surface 
of  the  hrain  case.    The  bony  flap  thus  formed  was  folded  anteriorly, 
exposing  the  ventral  surface  of  the  brain  with  the  pituitary  gland 
attached  to  the  infundibolo-tuberal  region  of  the  hypothalamus.  Just 
posterior  to  the  optic  chlaeaa  (Pi.  II,  fig.  3).    The  para  distalie 
is  a  round  ^«adular  portion  of  the  hypophysis  and  is  easily  removed 
from  the  pars  nervosa  (posteirior  lobe)  and  pars  intermedia  (inter- 
mediate lobe)  with  fine-pointed  surgical  forceps. 

Since  a  standardized  potency  of  pituitary  suspension  was 
needed,  ^ven  numbers  of  male  anterior  lobes  were  finely  macerated 
with  the  use  of  a  small  mortar  and  pestle.    The  macerated  homogenate 
was  then  removed  and  diluted  in  an  appropriat*  umtnt  of  Holtfreter*t 
solution,    'HhB  ratio  of  pituitary  to  normal  fluid  w&e  one  antertor 
lobe  to  10  ml.  of  HOltfreter's  solution. 

Blank  controls  of  normal  fluid,  without  pituitary  homogenate, 
were  used  in  every  experiment  to  check  for  possible  spontaneous 
ovulation.    All  experiments  were  allowed  to  stand  for  eighteen  hours, 
and  unless  otherwise  indicated,  all  tests  were  conducted  at  a  room 
temperature  of  23.0  *  1,0°  C. 


Pereentagei  of  ovulation  v«re  determined  "by  dlrldlng  th» 
ntmber  of  e^s  ovulr.ted  (I.e.,  falling  to  the  bottom  of  the  rial) 
"by  the  total  number  of  egg«  present  in  the  ovarian  fragment,  aaA 
awltlplying  by  100.    All  statistical  comparisons  were  based  upon 
the  ovulation  percentages.    A  complete  sample  of  data  may  be  seen 
In  Table  10. 

After  data  had  been  obtained  on  in  vitro  ovulation,  female 
toads  were  subjected  to  certain  stiimxli  (e.g.,  lowered  atmospheric 
pressnre,  presence  of  excess  water,  etc*)  iMforc  being  sacrificed 
for  their  ovaries  In  an  attempt  to  determine  i«hether  such  stlsmll 
might  play  a  role  in  the  breeding  of  the  spadefoot  toad  in  nature. 
Since  the  experimental  prooedtures  varied,  r.  detailed  description 
of  these  la  given  along  with  the  results. 
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yactore  Affecting  In  Tltro  Ovulation 

The  followlni:  Mpects  of  In  Titro  oyttlatlon  In  the  spadefoot 
toad  were  considered  in  this  work:    Individual  variation  in  ovula- 
tion; size  relatlonehipe  In  pltuitarj  and  ovarian  donors;  costparativa 
effects  of  Bale  and  female  plttiltary;  Influence  of  vsrying  concen- 
trations of  pituitary  suspensions;  and,  influence  of  heteroplastic 
pituitary  Inplsnts.    The  effects  of  certain  physical  factors  such  as 
lifht,  teraperfittire,  exsA  pH,  and  the  relationship  of  tlae  to  ovulation 
In  vitro  were  also  studied, 

Conrparatlve  Potency  of  Kale  and  leaale  Pituitary 

Both  V?Hght  (19^5)  and  Hondell  (1953)t  working  on  In  vitro 
ovulation  in  Raaa  plplens.  used  pituitary  hojiogenates  prepared  from 
the  anterior  lohes  of  female  frogs  only.    Since  all  toads  used  In 
this  study  were  collected  hy  the  writer,  it  seemed  desirable  to 
utilize  the  males  (approximately  fifty  j>ercent  of  the  individusla 
taken)  as  a  source  of  pituitary.    However,  the  question  arose  con- 
cerning the  relative  potency  of  the  male  and  female  glands  since* 
in  Hana  piplens.  Eugh  (1937)  found  the  pituitary  of  the  male  to  be 
16  percent  heavier  than  but  only  60  percent  as  potent  as  that  of  Om 
feaale* 
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Two  teats  were  designed  to  cosipere  the  relative  potency  of 
the  male  and  female  glands.    In  the  first  test  pitxzitarles  were 
removed  from  six  males  and  six  females  of  equal  size.    The  glands 
were  placed  on  two  tared  cover-slips  and  dried  In  an  oven  held  at 
60®  C.  for  twenty-four  hotirs.    Following  the  second  weighing, 
appropriate  dilutions  were  made  to  give  a  twelve-vlal  series  for 
each  sex.    In  each  vial  the  equivalent  of  one-half  of  an  anterior 
lo)>e  was  suspended  In  5>0  ml*  of  Holtfreter's  solution.    The  ef*> 
f  ectlveness  of  these  dilutions  In  inducing  in  vitro  ovulation  was 
then  tested  with  the  results  shown  In  Table  1,  and  the  male  pituitary 
was  found  to  be  75«7  percent  as  potent  as  that  of  the  female. 

The  second  test  utilized  freshly  triturated  pituitary  glands 
from  five  males  having  a  asan  head  width  of  20.9  on.t  and  five 
females  with  a  mean  head  width  of  20.8  mm.    Pittiltary  homogenates 
of  the  glands  of  eadi  sex  were  prepared  and  distributed  equally  la 
ten  vials,  each  containing  5.0  ml.  of  fluid.    The  ovulation  restilts 
for  the  freshly  macerated  glands  are  recorded  in  Table  1.    In  the 
second  experiment,  the  male  pituitary  proved  to  be  81,0  percent  as 
potent  as  the  female  gland.    If  a  mean  percentage  Is  taken  for  the 
two  experiments,  the  male  glands  are  78.2  percent  as  potent  as  the 
female  glands.    This  is  appreciably  greater  than  the  60  percent 
reported  for  Rana  pi-piens  by  Ru^  (1937)  •    A  histogram  presents  the 
results  for  Scaphlopus  holbrookl  In  figure  1, 
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sines  nalea  were  readily  arallaWe  from  field  collectloa*.  and 
since  the  potency  of  nale  anterior  pituitary  lobes  was  avjffldent 
to  prodnce  a  hi^  percentage  of  ortilatlon,  male  pituitary  was  used 
alaost  exclusively  throughout  the  present  work, 

XadlTldual  Tarlatlon  In  Ovulation 
In  Vitro 

Both  wl^t  (19M)  and  Rondell  (1953) »  using  Bana  T)iT>iena> 
f ouni  considerable  variation  in  ovul&tion  using  the  in  vitro  teeb- 
nlque.    To  give  stetlBtically  satisfactory  results,  Rondell  used  a 
ndnlBom  of  four  pieces  from  random  areas  of  the  ovsry  of  each  of 
two  frogs.    In  such  an  eight-vial  series  receiving  the  saae  treat- 
Mftty  the  Tarlatlon  In  percentage  of  ovulation  never  exceeded  15 
percent • 

To  test  ^  variation  in  pereenta^ie  of  ovolatlon  among  Individ- 
oals.  In  the  present  study,  six  females  of  approximately  the  sam* 
else  were  used.    Ught  pieces  of  ovary  were  taken  from  each  toad  and 
suspend^  in  vials  containing  the  equivalent  of  one-half  male 
pituitairy  in  10  biI,  of  solution.    The  lndivid\Mil  and  mean  percentages 
of  ovulation  are  recorded  in  Table  2  along  with  the  standard  devia- 
tion and  standard  error  of  the  means.    'fsSxen  Rondell* s  method  of 
using  four  pieces  of  ovary  from  each  of  two  frogs  v&z  applied,  the 
greatest  variation  between  extreme  means  proved  to  be  15*2  percent 
which  is  almost  identi<^l  to  that  fotmd  by  Rondell. 
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WnMSVTt  In  order  to  hsrt  a  still  further  check  on  the 
▼alldlty  of  this  technique,  the  "t."  test  for  statistically 
eigniflcent  differences  was  applied  to  the  mesjaa  of  the  percent- 
ages of  oTUlBtion,    The  reaults  shown  in  Tehle  3  indicate  that  the 
differences  hetweea  the  aeane  lack  statistical  significance.  It 
may  "be  condnded,  therefore,  that  indivldu£l  verlation  in  ortilatlon 
for  toads  subjected  to  the  same  conditions,  is  not  great  enou^  to 
produce  stptistically  significant  differences.    Therefore,  statisti- 
cal coraparisons,  showing  signlflcent  differences  for  toads  exposed 
to  varying  conditions,  nay  he  relied  ttpon  as  valid.  / 

Belationahips  of  Toad  Size  to  |n  Vitro  Ovulation 

Size  of  Pituitary  Donors.    It  seenwd  logical  to  asstuae  that 
larger  aninals  possessed  proportionately  larger  pituitary  glaadt 
and  that  these  probably  had  a  greater  hormone  titer.    To  test  this 
assuiaption,  lobes  from  twenty-one  male  toads  ranging  in  head  width 
from  17  to  23  ran,  were  selected.    Their  anterior  lobes  were  removed, 
■aeerated  indivldtially,  and  suspended  In  10  lal,  of  Holtfreter's 
solution,    Each  of  these  10  ml.  quantities  was  divided  equally  be- 
twami  two  vials.    In  this  aanner,  the  potency  of  the  pituitary  of 
each  toad  was  checked  with  two  pieces  of  ovary.    The  ovary,  taken 
fjfvm  m.  single  fesale,  was  divided  acong  the  forty- two  vials  of 
pltttitary  solution,    Tlie  a»an  percentage  of  ovulation  for  eadb  size 


TABLS  3 

»f"  fESTS  FOR  STATISTICALLY  SIOmiGAJJl 


Toads 

1^ 

Ik 

1. 

-«[)> 

2. 

0.06 

*f 

-  yW:  ■ 

3. 

0.90 

0.92 

«• 

.# 

^. 

0.91 

0.88 

o.od 

# 

5. 

1.05 

1.00 

0.15 

0.18 

6. 

0.83 

0.79 

0.16 

0.15 

0.33 

clat«  wi«  a«  follows:    Zym,)  -  35.7^J  22  nm.)  -  37.2^:  21  aau)  - 
32.5^j  20  nsu)  •  28,758;  19  no.)  -  36.1^»  18  aa.)  -  36.7:^;  and  17  m.)- 
28.9!C«    The  IndiTldual  ovulation  restiltfs  are  ahovn  In  7a1>le  ^, 

The  aeans  of  the  ▼erioue  size  classes  shoved  only  sdnor  differ- 
ences, end  the  coefficient  of  correlation  (r  «  ♦  0,11)  between  the 
sise  of  plttdtarjr  donors  and  percentage  of  ovulation  was  %nite  low; 
this  lacked  statistical  significenee  (fahle  7)  because  of  the  sioall 
numbers  involved.    From  this  experiment,  it  appears  that  the  size 
of  pituitary  donors  (actually  the  size  of  their  pituitaries)  has  a 
negli^ble  effect  upon  in  vitro  ovulation. 

Since  careful  body  fleasureaents  were  talcen  of  the  male  and 
female  toads  used  in  all  ejcperiments,  the  relation  of  the  pituitary 
size  to  ovulation  could  be  studied  further.    It  was  possible  to  taJn 
the  ovulation  date  from  all  of  the  experiments  (350  individual 
tests)  in  v&i<di  female  toads  were  not  subjected  to  experimental 
eonditlons  (fable  5)*    A^a,  a  eerrelatlon  value  was  sought.  The 
coefficient  of  correlation  calculated  from  these  data  gave  a  low 
negative  value,  where  r  *  -  0,l6,    This  test  proved  to  be  statisti- 
cally significant  with  t.  *  3.06,  P. < 0.05  (Table  7). 

The  data  given  in  Table  5  present  a  rather  complex  picture. 
The  means  of  the  percentages  of  ovulation  for  each  size  cla«t»  at 
the  different  pituitary  dilutions,  were  compared  statistieallyw 
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TABLE  k 

aHAIIOBSEXP  OF  PiTOIfART  DONOR  SIZE  TO  IH  VITHO  OTTJLATIOH 


TOBa 

ffuaber 

Pewenta^es  of  Ovulation  for  Size 
Classes  of    Male  Iltult&ry  Donors 

23 

22 

H«ad  vddth  in  lalllijaetera 

21      m      19  18 

17 

U 

33.9 

51.2 

39.2 

27.3 

31.8 

55.8 

31.9 

2. 

38.0 

16.9 

32.1 

23.1 

39.3 

17.6 

26.5 

1.  ■ 

35.1 

«V3.6 

25.8 

35.6 

37.2 

36.6 

28.4 

Ifmm        35.7      37.2      32.5      28.7     36.1      36.7  28.9 
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Table  6  show*  the  various  coarparlaona,  using  the  "t."  test,  he- 
tween  the  size  grotrp  wwns.    Only  that  between  the  13  and  20  mmm 
groups  shovs  statistically  significant  differences.    Xt  would  apipear, 
therefore,  that  the  size  of  the  pltiiltary  donor  la  not  correlated 
vlth  the  percentage  of  ovulation  induced. 

Size  of  Ovary  Donors .    In  the  prellalnary  ateges  of  the  work. 
It  «M  learned  that  siaedl,  yolk-deficlent  eggs  seldom  ovulated 
normally,  therefore,  laiaature  eggs  were  avoided.    It  seened  desir- 
able, however,  to  determine  whether  there  was  aiqr  correlation  be- 
tween the  size  of  toads  «bA  the  maturity  of  their  eggs. 

Females  verylng  in  head  width  from  1?  to  23  am.  were  divided 
into  seven  size  classes.    Two  females  were  selected  for  each  size 
elass,  and  two  pieces  of  ovary  were  used  for  each  of  these.  Each 
size  class  was  therefore  represented  by  a  four-vial  series  in  which 
each  vial  contained  the  equivalent  of  one-half  pituitary  in  5  "nl.  of 
fluid.    The  individual  and  mean  values  for  percentage  of  ovulation 
In  the  various  classes  are  shown  in  Table  8.    The  correlation  be- 
tween size  of  female  and  percentage  of  ovulation  appears  to  be 
practically  nil,  and  this  Is  supported  by  a  statistlesl  analysis. 
The  coefficient  of  correlation  proved  to  be  very  low  (r  *  ♦  0.06) 
althou^  not  significant  statistically  (Table  7)  because  of  the 
small  numbers  involved. 
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TABLE  6 

YkimS  (t.)  raOM  TESTS  yOH  STATISTICALLY 
SIGNIFICAOT  DIFFEBESCSS  BETWEEN  0TDILATI05  PERC2STAGES 
INDWED  m  PITOTTAHIES  FROM  DIFFIKENT  SIZED  DONOHS 


Kcla  Toad 

Head  Width         17  3*  19  20  21 

Size 


mm 

18 

1.98 

19 

0.68 

1.65 

20 

0.05 

2.1*6 

0.i»2 

m 

1.13 

0.62 

0.67 

1.26 

22 

O.Ol*' 

1.55 

0.1*7 

0.005 

0.90 

22 


TABLE  7 

COOTXCXER!!  Of  COKRTLAnOS  7ALUES  BETWESV 
DOIOt  TOADS  ASD  PMCXHf  OTUIJlTIOX 


Testa 

r 

standard 
Deviation 

t 

^• 

Test  between  size  of 
pitTiitary  donors  (20 
males)  and  ovulation 
induced 

*  0.11 

0.22 

0.ii6 

Not  Sign. 

Test  between  size  of 
pitultsxy  donors  (350 
flsales)  and  ovulation 

-  0.16 

0.05 

3.06 

P.<0.05 

Test  between  size  of 
ovary  donors  and 
percent  ovulation 

♦  0.06 

0.19 

0.32 

• 

Not  Sign. 

TABLE  8 

HIXATlOirSHIP  or  OVARY  DOHOR  SIZ2  TO  JN  YITRO  OVTJLATIOH 


Toad 
Btnib«r 

Percentages  of  Ovrilatlon  for  Size 
Classes  of  Ovary  Donors 

Head,  width  in  nilliiBeters 
22          21         20  19 

> 

18 

17 

U 

66.1* 
75.2 

70.6 
65.0 

65.1 

59.2 
67.1* 

71.2 
1*8.1* 

80.lt 
73.0 

57.2 
52.0 

2« 

61.1 
32.3 

33.0 
27.2 

57.9 
67.2 

38.1 
1*1.9 

22.1 
2l*.8 

60.1 
1*2.1 

62.0 
1*3.2 

63.5      '*6,5      59.9      51.7      1*1.6      63.9  53.6 
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Infects  of  Pittdtary  Mlutloin  Upon  In  Vitro 
Ovulation 

Wight  (19M)  fotind  that  one-el^th  of  en  anterior  loh* 
sQSpdndsd  in  10  ml.  of  Holtfreter's  solution  produced  maxLimun  in 
vitro  ovulation  in  Hana  pluienB.  hut  it  was  necessary  to  estahlish 
the  optimal  as»unt  of  pituitary  necessary  to  produce  approximately 
maximal  ovulation  in  the  apadefoot.    For  this  purpose,  fortj^nlne 
aaXe  pltuitfury  donors  aad  three  female  ovary  doners  were  selected, 
fo  a.'Veld  individual  variation  In  potency,  a  standardixed  stotdc 
solution  of  pituitary  was  prepared.    The  desired  concentrations 
(from  six  glands  to  one  sixty-fourth  of  a  gland  per  10  ml.  of 
Eoltfreter's  solution)  were  ohtained  by  mixing  together  appropriate 
amounts  of  this  stock  solution  and  of  Eoltfreter's  solution.  The 
records  of  ovulation  and  the  mean  valties  for  each  pituitary  dilu- 
tion are  found  in  Tahle  9.    The  curve  in  Figure  2  shows  these  data 
in  graphic  form.    The  ovulation  percentages  for  the  various  pituitary 
dilutions  are  as  follows:    six  pitviitarles  In  10  riL.  of  fluid  •  7.5 
percent:  five  -  28,5  percent;  four  -  44.4  percent;  three  -  59,5 
percent;  two  -  61,8  percent;  one  -  64.5  percent;  one-half  -  42,1 
percent;  one-fourth  -  22,5  percent;  one-ei^th  -  11,1  percent; 
one-sixteenth  -  4,3  percent;  one  thirty-aecoiid  -  1,4  percent;  one 
slxtyHfourth  -  0,0  percent. 
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rroa  thla  esperlmant  it  was  found  that  ona  pituitary  in  10 
ml,  of  fltdd  produces  essentially  aaxiBal  ovulation.    It  is  also 
evidrat  from  these  results  that  ovulation  is  inhihited  at  hi^*ier 
pituitary  dilutions,  which  is  in  accordance  with  ^^npi^t  who 
found  inhibition  of  ovulation  in  Rana  laipiens  >i^en  using  greater 
concentrations  of  pituitary.    The  results  of  the  present  study  are 
siadlar  to  those  of  Poster,  Poster,  and  Hisaw  (1937)  "Aio  found  that 
ovulation  in  namioals  laay  not  follow  the  adndnistration  of  larger 
doses  of  an  unfractionsted  pituitary  preparation* 

Helationship  of  Time  to  In  Vitro  Ovulation 

In  order  to  ensure  the  accuracy  of  the  results,  it  was  necessary 

to  deterndne  the  time  required  for  the  ovulation  process  to  reach  a 
stage  where  eggs  were  no  longer  ovulated,    Wright  {19*5)  *  using 
Rana  pipiens,  performed  a  time  experiment  at  roMs  tender ature  (22° 
C.)  with  dilutions  of  one-eighth  of  a  pittiitary  in  10  ril.  of  Holt- 
freter's  solution.    He  found  that  ovulation  did  not  start  until  about 
the  tenth  hour*  and  that  when  dilute  pituitary  dilutions  were  used 
(i.e.,  one  sixty^fourth  or  one,  one  hundred  twenty-ei^^th  pituitary 
in  10  ml.  of  fltdd),  ovulation  did  not  begin  for  sixteen  to  eighteen 
ho\irs. 

?our  different- tests  were  conducted  in  the  current  work,  lach 
employed  a  four-vial  series.    Each  vial  contained  a  pituitary 
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honogenate  equivalent  to  one  plttiltary  In  10  ml,  of  solution.  The 
hotirly  progress  of  ovulation  is  shown  In  Figure  3»    From  these  four 
ciirves  it  may  be  seen  that  in  vitro  ovulation  began  about  three  and 
one-'half  hours  after  the  ovarian  fragnente  were  placed  in  the  solu- 
tion.   Oiu;e  the  process  vfas  initiated,  ovulation  vas  siost  rapid  in 
the  following  three  hours  when  approzioately  seventy-five  percent  of 
the  eggs  ovulated.    Ovulation  was  completed  in  all  experiments  after 
ei^t  and  one-half  to  eleven  and  one-half  hours* 

This  series  of  experiments  also  showed  that  warimal  ovulation 
occurred  during  the  sixth  hotir.    A  cta^re,  the  points  of  which 
represent  the  ovulation  percentages  for  each  hour,  presents  these 
data  in  Figure  4.    aright  {19^5)  found,  hovjever,  that  this  took 
place  between  the  thirteenth  and  seventeenth  hours  in  Rana  pi pi ens 
using  a  one-eighth  pittiitary  dilution. 

Wri^t*8  study  further  indicated  that  lower  dilutions  of 
pituitary  took  longer  to  initiate  ovulation.    In  order  to  test  this 

for  Scaphiopus  holbrooki ,  a  series  of  five  pituitary  dilutions  were 
prepared,  using  from  one  to  five  glands  in  10  ml.  of  fluid.  For 
each  concentration,  5  ml.  of  solution  were  placed  in  each  of  two 
vials  80  that  a  double  test  might  be  used.    The  results  are  present- 
ed graphically  in  the  form  of  five  curves  representing  the  different 
pituitary  concentrations  (Fig.  5) •    The  four-pituitary  solution 
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IMMftttted  the  (milatory  process  in  one  and  one-hnlf  hotcrs,  the  three- 
gland  solution  in  two  hotirs,  the  five-gland  in  two  end  one-fourth 
hows,  the  two-/^aad  in  three  hours,  an,d  the  one-gland  in  three  and 
one-half  hours.    Thns  it  appears  that,  up  to  a  point,  higher  pituitary 
concentrations  initiate  the  ovulatory  response  in  leas  tias.  Hov«r«r» 
at  the  fiTO-glaad  lerel,  the  inltiatlcm  of  ortslation  was  toanAiat  re- 
tarded.   This  action  is  probably  due  to  the  inhibitory  stimulus  found 
in  hi^er  concentrations  of  pituitary  (see  section  on  Pituitary 
Dilutions).    Pituitery  concentrations  of  one,  three,  two,  four,  and 
fiT«  anterior  lobes  prodiiced  in  order,  hi^iest  to  lowest  final  per- 
centages of  ovulation. 

Effect  of  Ll#it  U^on  In  Titro  Ovxilatloa 

Since  experisients  were  to  be  carried  on  at  all  hours  of  the 
day,  it  seened  necessary  to  determine  whether  the  presence  of  li^t 
affected  in  vitro  ovulation.    A  standardized  pituitary  suspension 
was  prepared  for  an  eight-vial  series,  each  vial  containing  the 
equivalent  of  one-half  of  an  anterior  lobe  in  10  ml,  of  normal  solu;- 
tlon.    'The  ovary  from  a  single  feaale  was  cut  into  mmXl  pieces 
ttttder  a  Ifratten  Saf slight  (Series  OA)  In  a  photographic  darlorooB* 
Four  control  vials  were  left  in  this  room  in  absolute  darkness, 
four  experimental  vials  %rare  removed  to  an  adjacent  roam  of  the  same 
temperature  (78°  C.)  and  there  exposed  to  the  light  of  a  100  watt 
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tmll)  placed  12  Inchea  from  the  vials.    White  paper  was  placed  "back 
of  the  vials  to  throw  reflected  light  to  all  parts  of  the  suspended 
pieces  of  orary.    Each  set  of  vials  was  placed  In  a  large  shallow 
pan  of  water  so  that  no  significant  temperstture  fluctuations  would 
take  place* 

The  results  from  this  ezperiioent  are  shown  in  Table  10*  A 
stRtlstical  analysis  was  made  of  these  data  and  the  difference  In 
ovulation  percentages  was  found  to  lack  statistical  significance 
(t,  =  1.01,  P. > 0.05).    It  was  therefore  concluded  that  light  play» 
no  significant  role  in  the  stiraulation  or  inhibition  of  the  ovulation 
process  in  vitro. 

3f feet  of  Temperature  Upon  In  Yitro  Ovulation 

Wright  (19*^5)  conducted  a  test  to  determine  the  effect  of 
temperature  on  in  vitro  ovulation  in  Rana  T)iplena|.    He  found  that 
in  vitro  ovulation  took  place  between  temperatures  of  IT^and  32°  C, 
with  an  optimom  at  about  22°  C.  and  that  no  ovulation  occurred  at 
12®  or  37°  C.    He  did  not,  however,  establish  definite  temperature 
limits  for  the  process. 

ToMT  escperiments  were  undertaken  to  test  the  effects  of 
temperature  on  in  vitro  ovulation  in  Scaphio-pus  holbrooki.  Each 
of  the  experimental  vials  contained  the  equivalent  of  one-half  of 
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A  plttiitary  In  10  nd.  of  Holtfreter»s  solution,  and  a  single  oraxj 
donor  V&9  used.    Three  refrigerators  and  an  inculjator  were  used  to 
achieve  the  desired  range  of  tesaperatures.    Before  immersing  tht 
ovarian  fragments  in  the  pituitary  solutions,  the  vials  were  allow- 
ed to  attain  the  temperattxre  at  which  they  were  to  be  maintained 
throughout  the  course  of  the  experiment.    The  first  experiment  was 
designed  to  give  a  wide  range  of  teciperatures       -  35°  C.),  in  order 
that  approxiaate  temperature  limits  ndglht  be  ascertained.  Subse- 
quent experiments  were  refined  to  determine  the  exact  upper  and 
lower  limits,  as  well  as  the  optimum  temperature. 

The  individtial  and  mean  results  for  each  tempera t^ure  class  are 
presented  in  Table  11.    ?rom  these  data  it  may  be  concltided  that  la 
vitro  ovulation  occurs  between  10°  and  30°  C.  with  an  optiaaa  at 
about        C.    The  percentage  of  ovulation  is  reduced  at  both  lower 
(10  -  20°  C.)  and  hl^er  temperatures  (28-30°  C),  and  eon^ete 
Inhibition  occurs  at  9°  0.  and  at  31°  C»    A  tender ature  curve  based 
on  these  data  is  shown  in  Figure  6. 

Effect  of  pH  on  In  Vitro  Ovulation 

Rondell  (1953).  using  Bana  Di-piens.  found  that  in  vitro 
ovulation  took  place  between  pR  values  of  6.6  and  8.2,  with  eoaplete 
Inhibition  at  6.0.    Very  little  is  known  concerning  the  effects  of 
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pH  upon  the  MoeatalTtlc  action  of  hormones.    Since  the  hnfferlnc 
capacity  of  Roltfreter*8  solution  is  slight.  It  seemed  iB^rtant 
to  determine  the  Influence  of  pH  on  the  ovulation  process  in  rltre. 

9wo  hiole^eal  hufferln^  system  «we  eaiployed.    The  first  vas 

a  Teronal  acetate  huffer  (Gortner  and  Gortner,  19^).  prepared  by 
lading  1^.71  grans  of  sodltm  Tsronal  and  9>71  grams  of  sodixxm  acetate 
trlhydrate  to  500  ml.  of  distilled  water.    To  a  given  amount  of  this 
solution,  Tarious  quantities  of  O.lM  HCL  were  added,  producing  a 
pR  range  from  3.OI  to  9.^2.    lAlng  this  buffering  system,  in  Titro 
tests  were  run  at  pH  ▼elues  ranging  from  k,01  to  9.^2.    Two  Tials 
were  used  for  each  pH  Talue.    The  pituitary  homogenate  was  added  to 
the  stock  solution  of  reronal  acetate.    Both  experimental  and  control 
Tials  contained  the  equlYalent  of  one^helf  of  a  pituitary  in  10  ml. 
of  buffer  or  Koltf rater's  solution,  respectiyely.    A  second  control 
%nu  used  in  \Alch  the  vials  contained  only  Holtfreter's  fluid  with 
so  pituitary. 

All  experimental  Tials  (those  with  buffer  and  pituitary)  gar* 
Bt^atiTe  results,  as  did  the  control  blanks  containing  Holtfreter*t 
solution  without  pituitary.    The  control  rials  with  pituitary 
OTulated  normally,  howerer,  with  a  mean  ovulation  percentage  of 
36.7  percent.    Thus  ovulation  was  inhibited  by  this  particular  buffer 
system,  probably  because  of  the  narcotic  effects  of  the  sodlua  veronal* 
which  is  a  barbitxxrate  derivetive. 


since  veronal  acetate  oVrlotaly  oovlLH  not      used  as  a  buffer 
In  these  experljwmte,  a  phoephate  buffering  system  was  prepared  In 
which  the  pH        adjusted  by  rarying  the  ratio  of  monobasic  sodlw 
phosphate  ilSeR^i^»Tl^)  to  dibasic  sodliim  phosphate  (Ha2HPOii,.7H20) , 
after  Gomori  (1952).    In  preliminary  tests  OTuLatioa  was  found  te 
proceed  nomally  at  O.lH  and  0.07M  concentrations  ^of  the  phosphet* 
buffer,  but,  at  molarities  of  O.OO"^  end  lower,  all  eggs  were  cyto- 
lysed  due  to  the  hypotonlcity  of  the  buffer  solution.    Since  Holt- 
freter's  solution  has  a  molarity  of  O.0638K,  a  molarity  of  0.07M 
«M  Baintain*d  for  the  phosphate  buffering  system,  but  the  ratio  of 
monobasic  to  dibasic  sodltm  phosphate  was  Taried  to  produce  for  the 
tests  a  pH  range  of  5.9  to  8.9.    For  a  further  check,  each  solution 
was  tested  with  the  Beekman  pH  meter  after  the  addition  of  th« 
pituitary  homogenate.    The  pituitary  homogenate  was  added  to  a  snail 
qtiantity  of  the  dibasic  solution  and  this  was  distributed  eqiially 
aaong  all  rials.    Additional  dibasic  solution  was  added  to  those 
▼ials  req,tdring  higher  ratios  of  the  dibasic  to  monobasic  phosphate. 

The  results  from  these  five  tests  are  recorded  in  Table  12, 
and  are  presented  in  the  form  of  a  curve  in  Figure  7*   from  th«M  . 
findings  it  Is  evident  that  ovulation  occurs  over  a  relatively  mi&m 
range  of  hydrogen  ion  concentrations  with  a  peak  of  activity  at  a 
pH  of  7.3.    It  is  inhibited,  however,  belov  6,5  and  above  8.5. 
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YiC  7*  Iff cct  of  hyArogm  ion  etmomtratlons  upon  XlL  yitr^ 
«milAtl«i«  NttJciMl  «vttIatio&  wu  obi*iB«A  bmt  th«  point  of 
&«utralit7  (7*3)» 


If  feet*  of  Heteroplastic  Pltxiltary 
Materials  Upon  In  ?ltro  OTtilatlon 

Volt  (1929)  eondueted  the  first  ezperlaNSits  on  the  indaetlon 
of  ovulation  In  Aaiphibla  by  the  implantation  of  pituitary  glands. 
Since  that  dete  noaerous  slallar  experlaientB  hare  been  performed 
using  both  honoplastic  and  heteroplastic  tissues*    Creaser  and 
<S»rlMii  (1939)*  after  revlevine  the  literature  oa  induced  ovulation 
Kstong  AnMbia,  torott^t  terVb.  the  follevtng  Iflntortant  general!  zatlonst 
1)  that  Astphibia  aM  other  classes  of  vertebrates  respond  readily  to 
▼ery  slight  asumnts  of  honoplastic  pituitary  materials:  2)  that  th« 
effectiveness  of  a  gonadotropic  horaone  from  a  foreign  species  tends 
to  vary  directly  with  the  phylogenetic  affinity  of  the  donor  and 
recipient  species;    3)  that  a  qualitative  specificity  exists  la  gonado- 
tropic horiDones;  and,  't')  that  the  variation  in  gonad  specificity  be* 
tuieen  widely  separated  donor  and  recipient  species  oay  be  great 
enou^  to  lead  to  an  apparent  ineffectiveness  of  the  horoone. 

Secanse  of  the  correlation  between  gonadotropin  speelfieity 
and  the  phylogenetic  relationship,  a  stody  was  made  of  the  effects 
of  heteroplastic  pituitary  naterieds  upon  the  ig  vitro  process. 
Since  the  size  and  horaone  titer  of  the  various  pittiltaries  were 
quite  variable*  it  was  loposslble  to  utilize  the  results  for  quanti- 
tative comparisons,  and  they  are  therefore  listed  slnply  as  posltlTs 
er  negative.    It  is  likely  that  this  ovulatory  technique  sight  be  used 
for  precise  foantitatlve  aeasureaents  of  hormonal  hoaologie*. 


An  atttnpt  vmt  aad*  to  secore  repr«8«nt&tlT«  plttdtary  donort 
tjtom  the  majority  of  vertebrate  olasaes.    Partlctdar  attention  «ai 
glTen  to  the  relationship*  within  the  Amphibia,    The  comparative 
restate  are  recorded  In  Table  I3,  while  a  diagrammatic  phylogenetlc 
tree  shows  Where  the  different  effects  took  place  (Tig.  8) .  Control 
Tlals,  each  containing  one  male  tpadefeot  pituitary  ewipei^ed  In 
10  ml.  of  flnld.  were  used  In  all  Instances.    Prom  this  study  It  Is 
seen  that  the  ^  vitro  ovulation  mechanism  is  quite  sensitive 
to  heteroplastic  pituitary  Implants.    Pituitary  materials  from 
amphibians,  reptiles,  birds,  and  most  mw—sTs  evoind  ovulation 
in  vitro.    Only  the  piscine  pituitary,  swlno  gonadotropic  fraction, 
ai^  human  pregnancy  urine  failed  to  Induce  ovulation.    Thus,  It  Is 
evident  that  pituitary  materials  from  Amphibia  and  hl^er  phylo- 
genetlc categories  stimulate  the  eggs  of  ScaT)hlo-gn8  to  ovulate 
In  vitro. 
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(POSITIVE)  '  
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fig.  6.   StagraoBatie  phylogsaetle  tr«*  nhoving 
tha  ftnaral  affaet  of  Tarloiu  pltultarj  oatfiriala 
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Physlologieal  and  ^eoloffleal  Helatlonq  to  thft 
Breeding  Stimalm 

It  is  generftlly  reco^aed  by  herpetologists  and  nattarallsts 
that,  thpou^out  Its  range,  the  eastern  vpaAvfoot  toad  (Sca-ohloTnia 
hel'brooKl)  breeds  in  temporary  t>ond8  during  the  warmer  months  of 
^  yMT*  following  periods  of  exceesiTe  rainfall*    In  faet,  th« 
principal  hre'Mling  cue  recognized  "by  this  species  seeas  to  he  ex- 
cessiTe  precipitation,  providing  the  air  and  ground  axe  not  hmot 
free sing  teBperatures. 

An  excellent  in«l#t  Into  the  ecological  reqtdrwwnts  and 
breeding  b«h?.vior  in  the  genus  Sea-phloptyt-  is  given  by  Bragg  (19*^5)  • 
He  points  out  that  all  epadefoots  eidiibit  a  xearic  pattern  of  breed- 
ing characterized  by  1)  lack  of  a  definite  breeding  season,  2)  use 
of  temporary  water  only,  3)  breeding  behavior  in  nature  initiated 
only  by  the  cooing  of  rain,  and  k)  nales  and  f  enales  attracted  to 
a  chorus  by  the  loud  voices  of  males.    Bragg  further  mentions  that 
the  eastern  spadefoot  seems  to  be  stionlated  by  large  aaounts  of 
rainfall,  rather  than  by  the  violence  or  rate  of  fall  as  is  <diarae-> 
teristic  of  S..  't^mbifrons.       hamnondi.  and  S,.  couchi, .    He  also 
points  out  that  low  temperatures  nay  inhibit  breeding  by  meoibers  of 
this  genus. 

Perhaps  the  best  work  dealing  with  the  breeding  of  the  eastern 
spadefoot  toid.  is  that  of  Ball  (1936).    He  states  that  in  order  for 
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breeding  to  occur,  "the  gro'oad  tenper&ttores  mast  have  risen  aboTe 
2*5^  C.  in  the  stratum  oocvq;}ied  by  the  toads,  and  sufficient  rain 
mst  ham  fallen  to  sattirate  the  soil." 

From  the  literature  and  throui^  personal  oe«Bnni<Mitl«tt»  %re»I 
Ing  records  of  the  spadefoot  i<rere  obtained  from  thirtj^i^t  natural* 
iste  (Table  1^).   Beoords  of  121  differmt  toeedlng  choruses  from 
localities  oi^r  the  entire  range  vere  included.    Data  on  the  tjpm 
of  breeding  pond,  the  time  of  day  at  which  breeding  occurred,  pre> 
eipitatiea,  and  temperature  were  also  glTwa  when  arailable.  Weather 
data  for  all  Florida  breeding  (dioruses  were  obtained  from  the  recorde 
of  the  Weather  butmu  (1921-1935)  •    Ibeee  reoorda  rcreal  certain 
•ifBlf  leant  facts. 

Breeding  Season  ;     .  " 

The  first  record  regarding  the  length  and  time  of  the  breeding 
season  for  the  spadefoot  was  made  by  Sherwood  (1897)  who  stated  that, 
"the  eggs  are  laid  anytime  from  April  to  June."    Since  that  time  a 
number  of  workers  haTS  made  statements  concerning  the  length  of  the 
breeding  season.    DrlTer  (1936)  wrote  that  the  spadefoot  does  not 
hare  a  regular  season  for  deposition  of  ova,  but  that  the  e^  may 
be  laid  anytime  from  April  1  to  August  31.    In  1936,  Ball  reported 
that  the  spadefoots  of  Connecticut  bred  as  early  as  April  and  as 
late  as  Augiut.    Concerning  the  spadei^oot  in  Florida,  Carr  (19^) 
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wrot*  that  th«  8p«eie8  IstmAc  "froa  the  •tDB«r  flSBtha  to  sAddl* 

October."    Wrl^^t  and  Wrl^t  (19'»'9)  stated  that  tJila  toad  breed* 
from  MATOh  to  SeptoBber  at  periods  of  heavy  rainfall,  Tinallj, 
Pearson  (195^)  suggested  that  the  spadefoot  does  not  hare  a 
particular  breeding  season  in  a  cyclic,  seasonal  sense,  bat  rather* 
breeds  only  daring  or  after  rery  ls»«ry  rainfall* 

The  data  in  Table  Vk  show  that  ScaT>hiOT»f  breeds  in  each 
oonth  from  January  throu^  October.    Thas  far,  breeding  choruses  hav* 
net  been  reported  froa  the  laonths  of  November  or  December,  and  this 
is  alnost  certainly  due  to  low  t«Bperature.    *«Aien  breeding  dates  are 
considered  froa  a  geographloal  standpoint,  nom  striking  differences 
are  noted.    Figure  9  show*  the  breeding  records,  by  months,  for 
toads  from  the  northern,  central,  and  southern  portions  of  the  range, 
fhese  data  give  a  good  insight  into  the  pattern  of  breeding  over  the 
entire  raag*  of  the  epad^oot  but  do  not  necessarily  present  a  com- 
pletely representative  picture  of  breeding* 

The  records  show  that  in  the  northern  parts  of  the  range  (Mass., 
Cmm.,  and  K.T.)  breeding  of  toads  is  liidted  to  a  five  nonth  period 
(April  to  August).    The  great  preponderance  of  breeding  (J^  percent) 
occurs  in  April,  and  the  etirve  then  drops  off  sharply  to  the  month 
of  Atigust  (Fig.  9).    The  toads  of  the  middle  eastern  etatee  (N.J., 
Ta. ,  V.  7a.,  Ohio,  Ind.,  Xy.,  and  H*  C.)  breed  over  a  six  month 
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Tig,  9.  Monthly  breading  record*  of  •paA«feot 
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portioM  of  Um  tarngtm 
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pirl«A»  %tctittlns  in  Mureb  sad  rdaehing  a  p#?Jc  In  Jtme.  Breedlnc 
dates  for  the  •outhern  group  (S.C,  aa.,  yia.,  and  Kl««.)  pr«9ent«d 
•  Uaodal  distrilmtlon,  with  p««ks  in  winter  (February)  and  fall 
(Septeater)  • 

Breeding  In  yiorida  proTiably  occurs  in  any  snonth  of  the  year, 
providing  the  environmental  conditions  reach  an  eptiam  state*  The 
breeding  pattern  as  recorded  frov  t^^rentiy^seren  (Erases  presents  aa 
Interesting  case.  These  records  show  that  occasional  breeding 
occurs  during  Jannosy  and  fetouary  followed  by  a  rise  in  the  sprlnc 
with  the  peak  la  ffar^.  There  Is  a  dwjline  in  Kay,  bat  it  is  quite 
hi|jh  again  in  June.  For  some  reason,  there  are  no  deeding  record* 
for  the  laonth  of  .Toly.  A  gradual  inoreass  in  breeding  takes  plaee 
in  August,  Septeniber,  and  October  with  the  siode  for  the  entire  year 
attained  in  September.  (Jig,  10). 

Precipitation 

The  sKiJorlty  of  naturalists  state  that  spadefoot  breeding  is 
aesooiated  with  heary  rainfall.    Ball  (193^)  wrote,  "Warm  weather 
alone  does  not  elicit  the  spring  laating  response;  there  must  be 
kMvy  rain."    In  1936,  Driver  stated.  "Apparently  the  only  oppor- 
tunity for  the  develo^nent  of  a  new  generation  of  spadefoots  occurs 
when  more  than  average  rainfall  comes  in  late  spring  or  early  summer." 
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6ofln«r  anl  Sleek  (195^)  reported  that,  *3egT)hloTjtts  hQlTSrool^  tnt«lly 
breeds  during  periods  of  two  to  three  d?,y»,  its  reproductive  aetirl- 
tlee  heinc  la  large  raio^lnitieted."    Vtien  the  anotmte  of  preeipl-> 
tation  aeeoclsted  with  all  of  the  breeding  records  were  averaged, 
*  mwx  TtXwt  9t  2.69  ^  0.21  inches  vas  obtained.   The  amount  of 
rainfall  aesoeiated  vdth  breeding  ranged  from  0.39  to  6.9*^  inches. 

In  the  state  of  ^orida  an  intereiatlng  relationship  exists  he* 
tween  rainfall  and  spadefoot  breeding.    The  fact  that,  so  far  as 
records  are  concerned,  the  greatest  eoneentratioa  of  breeding  la 
Florida  has  occurred  in  the  month  of  September  may  be  correlated 
vdth  rainfall  (fig.  10} ,    Betvvta  tbe  years  of  1892  and  195^.  the 
heaviest  total  predpltatloa  for  any  sin^e  month  of  the  year, 
occurred  nost  frequently  in  September,  and  from  1893  to  195^,  the 
Bonths  vhioh  had  the  fleetest  rainfall  in  a  tventy^four  hour  period 
were  September  and  October.    A  further  check  of  the  oliinatologloal 
records  at  the  various  breeding  localities  over  Florida,  showed  that 
fifteen  of  the  twenty  choruses  occurred  on  the  day  of  the  raonth 
having  the  greatest  precipitation.    In  their  report  on  the  climate 
of  Florida,  Mltdhell  and  Ensign  (1926)  wrote  that  hurricanes  and 
tropical  stonM  Mtjr  be  e:qpeeted  during  the  late  sunmer  and  early 
fall.    Five  of  the  eleven  choruses  vtiieb.  have  been  recorded  in  the 
late  sunmer  and  early  autuan  in  Florida  took  place  during  or  follov- 
Ing  hurricanes.    It  therefore  appears  fairly  certain  that  the  August- 


Septe»b«r-Octo"ber  lncr«a«e  In  "breedlne  le  correlated  vlth  the 
htirricaMS  which,  coaie  at  that  time  of  the  year, 

TeHperatttre 

precipitation  le  absolutely  esBentlal  to  breeding  "by  the 
ep&defoot  toed,  Imt  tesjjeratBre  conditions  jaaet  also  be  fsrorable. 
ftracs  C^^^S)  reports  tKet  spadefoet  Ceding  Is  Inhibited  by  low 
teaperattire.    Ke  showe  that  breeding:  by  S,  boablfrons  usually  occure 
et  teaperaturea  above  52°  T.,  although  osles  say  call  at  a  t«perar 
ture  of  about        F.    (iRils  t«aperature  llialt  Is  in  elsiost  perfect 
agreement  with  the  teroerature  licit  (50®  F.)  for  In  Tltro  ovulation 
in  the  eaetern  epadefoot.)    Earlier,  Bell  (1936)  had  asserted  «xat 
breeding  took  place  only  after  the  tenperature  of  the  ground  occupied 
by  the  toads  had  risen  above  36,^  f.    He  adalttod,  however,  that  no 
spadefoots  bred  In  1933  or  193^  until  the  air  twaperature  had  risen 
to  *hS°  and  49°  respectively. 

fhe  tesperpture  Units  just  raentloned  are  In  close  agreement 
with  99m  records  gathered  by  the  writer  near  Gainesville,  Florida. 
In  Svmmxy,  1955,  the  Gainesville  ^feattier  Station  reported  precipita- 
tion and  ndnlcBirv-naxliBUiB  tenperatures  as  follows:    January  22)  0,33 
inches.  1*7°  -  62°  F.J    23)  1.97  Inches.  ^5®  -  i^e®  F.;  end  21*)  0.*»5 
Inches,  38°  -  kl^  F«    On  the  ni^ts  of  Jam»ry  23  and  2**,  a  thorou^ 
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b  -■ 

rcoonnai««ane«  was  mad*  of  areas  known  to  be  InhaMted  by  toad 
populations,  bat  no  breeding  vas  found.    Air  temperatures  of  these 
areas  were  kO^  -  ^^l^  F.  on  both  nl«^ts.    Suffiolent  rainfall  haA 
fallen  by  the  nl^t  of  January  2J  to  form  numerous  tentporary  ponds 
In  the  lower  fields,  basins,  and  roadside  dittoes.    Howerer,  the 
low  temperatures  inhibited  breeding  on  both  ni^ts.    That  tentperature 
was  the  limiting  factor  is  almost  certain,  since  toads  of  this  area 
bred  on  February  7  after  less  rainfall  than  on  the  prerious  January 
dates.    Howerer,  the  temperature  had  risen  about  10°  7.  with  a 
BinlaraMBaziflRm  tentperature  of  50°  -  70°  F.    The  water  temperature 
in  one  of  the  breeding  ponds  was  6'»'.5°  F.    On  March  28  and  29,  1955. 
a  total  of  1.28  inches  of  rain  fell.    The  minisnim  temperature  on 
these  two  days  was  37°  and  33°  F.,  respectively.    A  trip  was  made  to 
the  same  areas  whidh  had  breeding  choruses  in  February.    No  breeding 
choruses  were  heard.    A  quick  reconnaissance  of  the  fields  adjoining 
the  temporary  pools  showed  that  no  toads  had  emerged  from  their 
burrows.    Again,  temperatvure  teemed  to  be  the  factor  limiting  breed- 
ing.   Summarizing  these  field  records,  it  appears  that  the  lower- 
limiting  temperatttre  for  breeding  in  nature  lies  between        and  50°  F. 

.   The  arerage  of  thirty-four  nininm  air  temperatures  for  the  breed- 
ing choruses  shown  in  Table  1^  was  65.2  ^  1.66°  F.    The  mean  maxisiia 
air  temperature  was  79.2  *  1.86°  F.    The  mean  air  temperature  for 
the  thirty-four  choruses  was  70.8  *  l.W°  F.    The  relatively  few 


teraperattire  records  for  th«  water  of  breeding  ponds  gare  a  mean 
of  65.5  1  3.01°  7.    The  extreae  mm  air  te^«arature8  ranged  fro« 
a  low  of  '♦7®  to  a  hl^  of  83°  7.    Water  tentp^rsturee  ratted  fro« 
49°  to  78°  7. 

flas  of  Breeding 

It  is  generally  accepted  that  the  eastern  spadefoot  is  exi* 
eluslTely  nocturnal  in  hahit.    It  sight  then  be  expected  that  this 
species  would  breed  only  at  night.    Eowever,  both  Oilaore  (1921^) 
and  A.  H.  aal  M.  3.  Trowbridge  (1937)  reported  diurnal  breeding  by 
S.  boBbifrona.    In  discassing  the  factors  Initiatlag  breeding  in 
ScaphioT)tt8.  Bra#»  (19^)  nentioned  that  hsary  rain  etoriM  Mgr  over- 
come the  tendency  toward  nocttumal  habits.    He  added,  howerer,  that 
he  had  found  no  case  of  3,  holbrooki  breeding  in  dayll^t.    A  snrrey 
of  the  records  in  Table  Ih  shows,  howerer,  that  of  the  fifty-six 
cases  in  ^ich  the  time  of  breeding  was  recorded,  twent]r>six  choruses, 
or  forty-six  percent,  took  place  at  least  In  part  in  the  daytime.  In 
fifteen  of  twenty^six  cases,  the  toads  either  started  calling  and 
breeding  in  the  day  and  coatiaaed  late  the  ai^t,  or  begaa  at  night 
and  eontixmed  into  the.  day,  Va.%  In  eleren  instances,  breeding  took 
place  exclTislTely  in  the  day.    In  general,  daytime  breeding  was 
probably  accon^ianied  by  overcast,  cloudy  skies  and  ralnfell.  However, 
Wright  (1932)  stated  that  one  breeding  occurred  in  full  dayli^t* 


1 


n 

From  the  total  of  flfty-«la:  es»M*  flfty-fow  poroffi&t  of  th« 
ehoruses  bred  exclusively  st  nl^t. 

1 

Type  of  Breeding  Ponda  | 

i 

.   ,  j 

Ae  has  been  mentioned,  Bragg  (19^5)  stated  that  spadefoott  ] 

■'I 

breed  only  (or  almost  exeluslvely)  in  temporary  water.    Both  Tanner  j 
(1939)  and  Bragg  (19'>5)  postulate  the  origin  of  the  gwms  ScaphiOTtm 
tmder  zerio  conditions  in  southwestern  Korth  Aoeriea.  Presuiaahly 
ure^  lived  here  long  enou£^  to  develop,  throu^  a  seleotiv* 
laroeess,  the  xeric  lareeding  pattern  associated  with  the  flash  floods  j 
of  the  Southwest.    Althou^  tlM  easteni  spadefoot  now  occupies  es«* 
•entially  a  mesle  enrironaent  (woodlands,  flood  plains,  eta),  it  has  * 
retained  the  desert  type  of  breeding  aikl  still  follows  the  general 
pattern  of  breeding  after  unusually  heavy  rainfall. 

In  this  connection,  it  is  of  interest  to  note  that  in  Table  1^ 
^ere  acre  el^ty^three  references  to  breeding  pends,  but  only  one  of 
these  was  a  penanent  pond.    Overton  (191^)  reported  the  occurrence 
of  an  April  chorus  in  a  saall  peraianent  pond,  but  heavy  rains  were  I 
recorded  foi;'  the  date  of  this  breeding,  and  the  toads  moved  to  this 
pond  only  after  stissilation  by  rain.    The  vast  prepoMerance  of 
ree(»rds  would  seem  to  prove  rather  oonolustvely  that  this  toad  breeds 
in  water  that  stands  for  a  limited  period. 
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Noltlple  Breeding*  in  a  Single  Tear 

Trom  the  aesenbla^  of  data  In  Table  1^,  It  vae  fonsd  that. 
If  the  neeesaary  emrlrozmental  eot^tlont  were  fulfilled,  a  elagle 
popfulatlon  would  bireed  sore  than  one  tlae  In  a  elven  year.  Nine 
different  ohBerrera  recorded  this  phenomenon.    It  Is  possible  that 
m  pMTtioa  of  a  populaUoa  breeds  on  a  gX^oa  date,  and  another  portion 
IWMiA  at  a  later  tine.    It  !•  also  oonoelTable  tiuit  MTeral  cookie* 
ments  of  egge  and  spero  are  produced  In  a  given  7Mr«    Ball  (193^) 
was  of  the  opinion  that  not  all  of  the  f  eoales  In  a  given  locality 
seeessarlly  oviposited  et  the  first  favorable  environmental  oppor- 
tunity.   Driver  (1936)  stated,  "Possibly  some  observers  have  been 
sdsled  Into  tMnking  that  only  one  spawning  oectirred,  ^en  aetoally 
the  ffpadefoots  aay  bsJbb  several  emergences  duiring  one  season." 

There  is  the  possibility  that  the  majority  of  a  population 
might  breed  on  the  first  favorable  occasion,  with  no  subsequent 
breedings  ooourring  even  thoti^  optlaua  environaental  conditions 
prevail,    Brandt  (193^)  described  a  heavy  breeding  on  Marcb  20,  1933, 
following  four  days  of  intense  warm  rains.    Re  wrote,  "Whether  * 
second  congress  can  be  initiated  by  a  recurrence  of  such  conditions 
reaains  undetermined;  however,  a  similar  combination  of  conditieu 
of  heavy  rainfall  and  high  temperature  failed  to  bring  about  a 
congress  in  Kay  of  the  s«ae  year." 


Th«  followli^  are  the  aiiBotat«d  records  of  known  popolatloM 
i&lch  bred  »>re  then  one  tine  in  a  given  year,    Allen  (1668)  report- 
ed the  breeding  of  one  population  on  fottr  different  occasions  during 
a  single  year  at  Caabridge,  Massachusetts.    In  19"^  Drirer  (1936) 
recorded  a  double  breeding  in  the  nonth  of  April  (1?  and  2^)  at 
Vorthaspton.  Massacdmsetts.    At  Canbridge,  Massaehnsetts,  PatsMi 
(1865)  listed  two  ehomsee  breeding  in  the  eaat  pond  on  April  19 
«id  April  29,  I863.    Ball  (1936)  recorded  the  breeding  of  a  popula- 
tion of  spadefoots  at  Ansonia,  Connecticut  on  April  15-*18  and  again 
en  June  11,  1933*    In  193^*  ttie  same  population  bred  on  three 
different  occasions  (April  16»17«  May  2-3,  and  June  19),  Overton 
(191'*')  gave  three  dates  (April  27-28,  May  5-6,  and  Jxily  7)  for  the 
MM  population  at  Patohoq,ue,  L.I..  Hew  York  in  1866.    Abbott  {lQ8k) 
recorded  breeding  on  April  10,  April  27-28,  and  June  25-26  in  1884' 
in  Trwuton,  Key  Jersey.    Richmond  (personal  coMuni cation)  listed 
ft  series  of  five  breedings  for  one  population  near  Lanexa,  TirgiadL* 
during  19^.    Spadefoots  bred  on  March  12,  15-17.  2>2i>,  27-28,  aaA 
on  Kpcll  23-2^.    In  19^,  the  saM  population  bred  on  May  27,  June 
19,  and  July  18.    A  double  breeding  occurred  in  May  of  19^*6,  on 
May  26  and  again  on  May  29*    The  records  by  Dr.  and  Hrs.  C.  J.  Ooin, 
in  GainesTllle,  Florida  shov  that  breeding  choruses  were  fcraed  on 
April  5  Md  April  22  in  19*>9.    In  the  umisually  wet  year  of  1953 
they  noted  five  separate  breedings,  occurring  on  March  11,  April  7, 
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Jmi9  Xkt  yxmB  25t  aai  Atigust  22*   fwewn  (195^)  mentioned  that  one 
population  near  OainesTill*  brad  on  April  7  and  Auguat  ZJ  of  19^3, 

Extended  Perloda  of  Tiise  without  Breeding 

Th&t  environnental  conditions  are  neeeesary  to  breeding  it 
erldenoed  by  the  fact  that  populations  in  a  given  locality  are  knom 
to  hare  gone  extei^ed  periods  without  hreedin^.    Comsoiting  upon  tfas 
Infreqnency  of  their  breeding.  Sail  (1936)  wrote,  "Reaarkable  also 
is  the  apparent  irregolarlty  of  its  emsrgenee  in  nuotbers  for  breeding. 
In  the  Forth  during  the  past  125  years,  only  about  sixteen  instances 
hare  been  recorded,  all  associated  with  heavy  rains, *   Trom  this 
statement,  it  Bight  be  inferred  that  the  spadefoot  does  not  breed 
every  year.    However,  Ball  believed  that  the  edult  fenales  bred  every 
year  provided  that  envirosaental  oonditloas  v«re  sTiit&ble* 

Umi  records  nov  available  prove  that  some  populations  do  skip 
one  or  nore  ysars  in  breeding.    It  is  almost  certain  that  this  is 
due  to  the  lack  of  heavy  rainfall,  optima  teiq>eratures,  or  both. 
The  records  >Moh  de»>nstrate  this  phenomenon  are  giv«i  below.  Ball 
(1936)  reported  that  spadefoot s  appeared  In  Denver s,  Massachusetts 
in  the  suB^rs  of  1812,  1825.  and  I83^f,  moA  were  not  noticed  between 
those  years.    Abbott  (188^)  observed  a  population  breeding  In  frenton. 
Sew  Jersey  in  IST^  and  again  In  1884,    Siranons  (unpublished  data)  . 
wrote  that  he  had  personally  cheeked  on  a  known  population  in 


li 


Maryland  followlne  every  rain,  and  that  it  had  not  Tired  for  thre« 
y«art«    Riehaond  (194?)  described  a  chorus  on  August  15t  19^t  at 
a  certain  locality  In  lew  rent  County,  Tlrglnla.    He  mentioned  that 
this  population  had  not  laid  In  the  previous  year.    In  a  letter  to 
the  writer,  Blehmond  stated  that  this  saoe  poT^latloa  failed  to 
breed  during  the  years  of  19^2,  1952.  and  195^.    During  the  exeeptloit- 
ally  dry  yeer  of  195^,  the  writer  observed  no  breeding. choruses  in  the 
area  around  Oainesvllle,  Florida,    fhe  last  breeding  record  by  Dr* 
and  Mrs.  Goln  of  Gainesville,  was  on  August  23,  1953*    The  population 
near  their  hose  has  not  bred  since  that  time,  a  span  of  twenty-three 
Bonths* 

Experimental  Procedures  and  Restdts 
Having  Ecological  Implications 

The  majority  of  frogs  and  toads  seem  to  follow  a  rhythmic, 
seasonal  breeding  pattern.    In  many  species,  the  seasonal  rise  in 
air  and  water  temperature  seems  to  initiate  breeding,    ^e  gonads 
of  these  forms,  which  undergo  a  seasonal  hypertro^^,  are  full  and 
mature  In  the  spring  following  the  winter  hibernation.    1(ftrl^t  (19'*6) 
•vceests  that  FSE  (Follicle-stimulating  Hormone),  secreted  by  the 
pituitary  during  hibernation,  stiaolates  follletilar  growth,  ovariaa 
mattoratlon,  and  a  progressive  increase  In  responsiveness  from  fall 
to  spring.    T)ndoubtedly,  a  full  cos^lement  of  sperm  is  also  brought 
to  maturation  under  the  inducement  of  the  gonadotropins.    It  is 
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pos«11>l«  that  the  eyellc,  seasonal  mettoratlon  of  1^  gonad*  as  v«ll 
as  the  breeding  response  has  beeoae  a  genetieallsr  fixed  physiological 
ftmctioB  and  hehsTlor  pattern,  or  instinct  (i.e.,  *a  oosplieated 
reaction  that  an  animl  giTes  vhen  it  reacts  as  a  whole,  and  as  a 
representatiye  of  a  species  rstiier  than  as  an  indlTidual,  idiioh  is 
not  iioproYed  by  experience,  and  has  an  end  or  pnirpose  of  ^ich  the 
animal  cannot  be  awre**  -  Wheeler,  1926). 

tSien  the  breeding  pattern  of  the  spadefoot  toad  is  considered, 
as  entirely  different  pictture  Is  seen.    Tht  xeric  type  of  breeding 
(Brag^,  19^5)  ia  not  lindted  to  a  seasonal,  cyclic  pattern*  Rather, 
It  tends  to  be  noa»ss>sttMl  and  aay  be  initiated  at  any  time  of  the 
yMT  when  proper  oliaatle  conditions  prevail,    fhls  would  suggest  that 
the  stimalus  is  not  beharioral,  but  is  wholly  contingent  upon  clioatio 
conditions.    7roa  the  preceding  reriev  of  breeding  records  (fable  Ik), 
only  two  climatic  conditions  which  influence  oTulation  are  evident; 
naaely,  heavy  rainfall  (sufficient  to  form  tei^rary  ponds)  and 
tegperature  above  ^  -  50°  F.    The  question  arises  as  to  how  thesa 
two  environnental  factors  stinulate  the  physiology  anl  behavior  of 
the  toad  so  as  to  initiate  breeding  and  whether  there  are  other 
environroatal  factors  which  aagr  also  play  a  role  in  this  process. 
By  means  of  the  in  vitro  ovulation  teehniq.ue,  it  was  hoped  that  the 
exact  method  of  stimolation  sd^t  be  determined. 


It  Is  rather  generally  accepted  that  the  o&e«%  ef  ^e  iMrMdiae 

response  in  anurans  is  horntonally  in&ticed..    Tery  recently,  lotwsay 
(195^)  sdadtted  that  ^e  mechanism  hy  vdiich  the  nervoxis  systea  sets 
upon  the  |?ar8  dis talis  is  stiD.  unknown.    It  is  hellsnred  that  this 
mechanism  inrolres  neural  stiaolation.    It  is  quite  probable 
the  enrironaental  conditions  of  optianra  tei^erature  and  heavy  rain* 
fall  in  some  way  act  upon  the  toad's  nervous  system,  which  in  turtt 
stlndfttes  the  «aloorla«  system*    Hoble  (19^1)  stated  that  oTxaatioa 
In  antMbia  is  due  to  the  action  of  hoxmoaes  from  the  anterior  lobe 
of  the  hypophysis,  which  Is  under  the  control  of  the  nervous  systm. 
He  further  suggested  that  this  neural-hormonal  response  accounts  for 
the  close  correlation  between  breeding  and  favorable  ^imtic  con* 
ditions. 

The  extr<Kie  seixsitiveness  of  the  amphibian  ovary  to  hormones 
from  the  T»rs  di stalls  has  mMe  It  possible  to  dstMndae  the  exact 
gonadotropins  which  stimulate  and  sensitize  the  ovary.    Wright  and 
Ms«w  (19^)  were  able  to  demonstrate  that  the  fSR  principle  (fresh 
sheep  pituitary)  maintains  the  frog  ovary  in  a  hi^y  sensitised 
state  and  that  only  throti^  the  combined  action  of  FSH  and  IS 
(Luteinizing  Hormone)  could  ovulation  be  induced  in  hypophysectondzed 
frogs*    fhat  the  amphibian  ovary  is  extremely  susceptible  to  pituitary 
secretions  has  been  ably  demonstrated.    Bugh  (1939)  taoxA  that  the 
frog's  ovary,  following  hypophysectomy,  would  respond  with  a  greater 
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anotmt  of  tmilation  jUa  21225  (19^)  found  this  also  true 

of  oralatlon  4&  ▼itro.    Wlrl^t  was  ablt  to  shov  that  this  Inoreas* 
In  ovulation  was  due  to  a  sensitization  of  the  ovary  by  gonado* 
tropins  released  into  the  hlood  at  the  time  of  hypophyseotomy.  In 
19^5t  Wright  reported  that  the  injection  of  a  suhndnlaal  dose  of 
pituitary  suhstanee  into  an  intact  frog  hrou^t  about  a  sensitiza* 
tion  of  the  ovarian  tissues  and  that  the  response  to  pituitary 
factors  |ji  vit»^9  was  greater  in  sensitized  than  in  untreated  ovaries. 

It  seemed  poesihle,  therefore,  that  if  female  spadefoots  were 
subjected  to  the  proper  stinrali,  the  ovaries  oi^t  become  sensitized 
throu^  hypersecretions  of  gonadotropins*    This  ■eaaitization  could 
be  demonstrated  by  use  of  the  in  vitrp  ovulation  technique*    It  might 
then  be  assumed  that  stimuli  which  sensitized  the  ovaries  tinder 
expexlmental  conditions  mi^t  also  be  the  stimali  ^ich  are  inrportant 
in  initiating  breeding  under  natural  conditions.    To  test  this  hypoth- 
esis, feaale  toads  were  exposed  to  such  conditions  as  light,  abrv^t 
changes  of  tempera tvure,  lowered  atmospheric  pressure,  and  water* 

Effects  of  Li^t  and  Sarloiess  oa  f emle  Toads 

It  is  well  known  that  the  secretion  of  gonadotropins  by  the 
•pars  digtftlis  stimalates  the  breeding  response,  ovulation,  and 
spermiation  in  the  majority  of  vertebrates.    Since  ll^t  initiates 


filin  process  In  some  birds  aad  uasimale,  it  seeited  loglc&l  k>  test 
the  effects  of  light  on  5ca-phio77as,    However,  since  this  sainal  is 
knovn  to  be  l>oth  noctumel  and  fossorial,  ^e  possibility  of  positive 

restilte  seened  some\A&t  remote.  * 

Fifteen  feis&les  were  pieced  in  absolute  darkness  imediatelj 
sf  ter  oaptcire.    These  were  measured  (head  width  and  weight)  in  a 
T^otographic  darkroom  under  a  Stratton  Safeli^t  (Series  OA),  and 
ei^t  individuals  of  sisdlar  size  were  selected  for  the  expeiriisent. 
?our  control  toads  were  kept  in  the  darkroon  in  cooplete  darkness. 
The  four  experiBiental  animls  were  reiaoved  to  an  adjoining  rooa  of 
the  mm  temperature  (81^  ?.)  and  exposed  to  continuous  light  for 
fortT-ei^t  hours.    Two  100  «att  bulbs  were  used  as  the  source  of 
light  t  and  one  bulb  was  placsd  12  inohss  from  each  side  of  the  glass 
container  holding  the  toads. 

At  the  rad  of  a  ftarty^eight  hour  period,  the  control  toads 
wsre  sacrificed  in  darlmess,  while  the  experiaental  toads  were 
sacrificed  in  the  li^ht,  and  four  pieces  of  ovary  were  selected  frms 
each  toad.    Each  piece  was  placed  in  a  vial  oontaiaing  the  equivalent 
of  one-half  pituitary  in  5  Jnl.  of  Holtfreter»s  solution.    The  individ- 
ual and  Bsaa  ovulaticm  percentages  are  shown  in  Table  15.    The  sixteen 
tests  perforaed  on  f«»lss  ejiposed  to  light  g«!ve  a  mean  of  32.2  ♦  5.5, 
on  those  exposed  to  dark,  26.6  ^  ^.0.    v,hen  these  data  were  con^jared 
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TASLS  15 

U  nfBO  OVtJUTlOI  BESULTS  OOTAIKD  KIOM 

wauaxs  mosB>  to  LXGBf  m  basxhss 


*Pyp6  of 

Percent  Oruletion  using  1/2 

Exposrura 

of  Toed 

Pit. 

in  5  »1. 

of  Holtfreter»« 

Meu 

ntdd 

1. 

25.0 

33.3 

14.3 

20.8 

23.35 

z. 

18.7 

35.0 

31.6 

68.0 

38.-33 

Dark 

3. 

38.7 

34.4 

9.1 

37.5 

30.02 

1»4,0 

13.0 

0.0 

3.0 

15.08 

MMn  26.56 

13.97 

1. 

35.0 

15.0 

16.3 

27.3 

23.40 

2. 

22.2 

69.7 

41.0 

20.2 

38.27 

3. 

46.2 

31.0 

50.0 

22.7 

37.47 

4, 

14.3 

88.9 

12.8 

0.0 

29.00 

M«an  32.19  ♦  5.49 
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•t&tlstlcally,  no  tlgnifleant  difference  was  fotmd  to  exist 
(t.  •  0.81,  P.  >  0«05).    From  these  restilts  it  vas  concluied  th&t 
ll^t  does  not  act  as  a  stlnralus  to  the  toad  pituitary  and  conse- 
quently sensitization  of  the  ovaries  does  not  occur. 

Iff eet  of  Alantpt  Changes  of  fienperatore  on  Feiaale 

Tottds 

fhat  teisperattore  has  effects  upon  the  breeding  response  of 
amphiMa  is  well  illustrated  hy  the  Spanish  newt  (pleurodeles  waltl) . 
Sohle  (1931)  reported  that  females  of  this  species  may  he  induced  to 
ovulate  merely  hy  plaeii^  them  in  a  low  temperature  over  ni^t  and 
then  reaoTlng  them  to  a  tank  suitehle  for  breeding.    According  to 
fioble,  the  sudden  rise  in  teo^rature  initiates  the  ovulation  cycle 
and  both  courtship  and  breeding  will  frequently  follow* 

In  many  instances  of  spadefoot  breeding,  the  ground  temperatures 
have  been  quite  low  and  are  subsequently  raised  with  the  coming  of 
warm  rains.    Ball  (193^)  wrote  that  many  of  the  April  breedings  in 
Connecticut  com  with  the  first  spring  rains  %dxich  thaw  and  warm  the 
ground,    Pearson  (195'^)  reported  four  breeding  choruses  in  71orida 
yAildh.  were  associated  with  cold  fronts  eventually  brolcen  by  heavy 
rainfall.    Simmons  (personal  communication)  wrote  that  a  Maryland 
breeding  was  proceeded  by  a  week  of  freezing  weather.    This  cold 
period  was  broken  by  warm  rains  i^eh  evoked  the  breeding  chorus. 


In  each  case.  th«  existing  teiaperatture  was  low  and  was  foll6%i«d  l^r 
a  rather  tuddea  rise  in  temperature*    In  order  to  test  the  effects 
•f  tetitperatnre  txpe&  the  toads,  these  conditions  vers  duplicated, 
as  nearly  as  possHjle.  in  the  laboratory, 

Slfijit  female  toads  of  approadwitely  the  sane  size  were  used. 
7our  experiaental  aniaals  were  placed  in  a  gallon  Jar  containing 
one-fourth  inch  of  water  and  put  into  a  refrigerator  set  at  5^**  T. 
Four  control  tosds  were  placed  in  a  Jar  containing  wmter  and  kept 
at  roo«  teatpersture  (73°  T.).    After  a  twelre-hour  period,  the 
experimental  toads  were  hrou^t  into  room  tes^p«rature  and  kept  there 
for  six  hours.    Then,  both  the  control  and  exp«rlmental  aniasls  were 
sacrificed;  their  ovaries  were  reaored,  and  four  frasnents  of  oTary 
were  obtained  from  each  toad.    Saeh  fragment  ws  placed  in  a  rial 
containing  the  equlTalent  of  one-half  pituitary  in  5  s»l.  of  solution. 

<the  oTtilatlon  results  for  these  tests  are  shown  in  Table  16. 
fhe  mean  for  the  experimental  females  e»)08ed  to  lower  temperature 
MM  26.3  1  3.^  peroaat  end  for  the  control  toads  held  at  rooa 
temperature,  31.0  ^  k,Q  pwetnt.    It  was  found  that  no  statistical 
difference  existed  between  these  means  (t.  =  0.91,  P. >  0.05),  Xt 
was  eondvided,  therefore,  that  lo%rered  tes^erature  had  not  •rasltlxtd 
the  ovaries. 


TABLE  16 


IH  VlfRO  OVTJLATlOir  PSHCSMTAGES  OBTAIHED  TOOM  TBUJJi 
TOADS  £ZPOS£D  TO  ASUPT  CRAICIS  07  TBKPJSLATWl 


Sxposnre         Walbmt       Percent  orulatlon  using  i/2 

Teaperature     of  Toad      Pit.  In  5  «!.  of  Roltfreter»«  Hmoi 

Fluid 


U 

50.0 

37.5 

27.8 

35.7 

27.55 

Toads 

Exposed  to 

38.7 

28.0 

2.8 

'»0.7 

37.'W 

% 

25.6 

8.3 

39.4 

38.3 

27.90 

18.4 

9.7 

16.1 

6.2 

12.60 

Mean  26.25 

♦  3.40 

33.5 

36.9 

67.6 

22.0 

40.00 

Toads 

Maintained  at 

2. 

22.9 

4.3 

14.2 

16.8 

14.55 

730  ?. 

W>.2 

13.3 

29.8 

30.3 

29.40 

3^.6 

38.0 

50.6 

42.6 

41.45 

Mean  30.95  1  3.98 
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Szposure  of  y*ml»  foads  to  Lov«red  Atsaosplwrle 

It  is  rather  w«ll  eetebllshed  that  spis^efoot  toads  brood 
during  hsavy  rain  stornts,  extexided  periods  of  rainfall  aecostpanied 
"by  stationary  or  psnoane&t  oold  fronts*  and  laxrrioaiws*  Iiow 
atmospheric  pressure  often  aeeoapanies  these  ollsatle  dlsttorhasees. 
A  nunbw  of  naturalists  have  expressed  their  belief  to  the  writer 
tixat  spadefoot  breeding  sdght  be  stliaalated  by  heavy  rainfall  and 
low  ataospheric  pressure.    In  a  study  of  the  response  of  sallentia 
to  chorlonio  gonadotropin,  Enepton  (1951)  subjected  oiale  spadefoots 
to  a  lowered  pressure  of  726  lam.  of  aeroury  {9^,2  ipereent  of  aa 
ataosi^re)*    He  hypothesised  that  spermlRtion  olght  be  stlacdated 
by  lowered  pressure  combined  with  an  Injection  of  horsone*  Hie 
results  were  contradictory,  howerer,  since  toads  es^osed  to  low 
pressure  reacted  both  positlTsly  and  negatively  (by  speralatiou) 
following  injections  of  ehorlonle  gonadotropin. 

Therefore,  a  study  of  the  effects  of  lowered  presstire  ttpon  the 
pituitary^gonad  balance  of  the  feaale  seemed  warranted.    A  large 
pyrez  dwoijoha  (96^0  aa.)  was  fitted  with  a  sealed  rubber  stopper 
having  two  glaes-tube  outlets.   One  of  f3»»  ^ass  tubes  was  beat 
into  a  "U"-shaped  form  which  held  a  colum  of  mercury,    fhis  was 
backed  by     milllBeter  graph  p<^er  so  that  fluctuiations  between 
levels  of  the  two  columns  could  be  read  accurately  to  the  nearest 
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nllllaeter.    The  ••oo^  ta'bt  was  con&«et«d  to  a  AvH  Imglli 

of  rubber  tubing  \^oh  served  as  an  e:d)au8t  outlet.    This  was  attachf 
•d  to  a  faueot  asplri^.tor  exA  air  was  svacoatod  froa  ths  bottle  to 
obtain  ths  dsslred  reduced  prssmro.    Double  clasps  were  plaesd  on 
ths  rubber  boss  asar  the  gl&ss  outlet.    So  loaka^s  was  srldsat  after 
a  prsllnlnary  trial  of  one  week. 

On  SeptttBber  17,  1928,  a  hurrieane  passed  throu^  Galttestllls, 
Florida  producing  an  atnoajAeric  presevore  of  28,9^  inches  (735  ram.) 
of  nsreory.    This  ^sssure  was  chosen  as  the  low  Taltw  for  this 
sxperioental  work.    To  obtain  this  pressure,  a  reading  was  taken 
iron  a  local  barometer,  and  the  difference  in  Bdlliaoters  of  oercurj 
totwsea  f3ui  ettrrent  ataospherie  pressors  and  the  desired  pressure 
was  determined.    Air  wsui  then  exhausted  from  the  bottle  until  the 
desired  pressure  was  obtained.    Control  toads  were  kept  at  ths 
atnosphsrle  pressure  of  ths  room.    Minor  pressure  fluctuations*  duo 
to  changing  weather  conditions,  oTer  the  forty-eight  hour  period 
of  the  exporiaent,  affected  both  experimental  and  control  aninalo 
alike.    It  was  recognized  that  a  synergistic  effect  of  lowered 
pressure  and  water  ai^t  stioolats  the  toads  to  increased  oTulatiMi. 
Therefore,  two  ezperiaents  were  conducted.    In  the  first,  the  experi- 
mental and  control  anioale  were  put  into  jars  containing  no  water, 
wSiile*  in  the  second,  both  expMriaeatal  and  control  toads  wsrs  kept 
In  one-fourth  inOh  of  water. 
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fhe  ovrJ-atlon  raanlta  from  both  experinenta  are  recorded  In 
Tablo  17>    Ho  fltatlatleal  differeneos  were  found  between  the  neans 
of  the  e:^)eriiBentel  and  control  females  kept  in  a  dry  state  (t.  * 
0,59»  P*  >  0*05) •    Likewise,  females  e3q>08ed  to  nonnal  and  low 
tesqpttraturts  while  seated  in  water  gave  no  signtfioaat  differences 
in  Qirulatloa  reealls  (%•  •  1.30,  P.  >  0.05).    It  «Mi  eoneluded, 
therefore,  that  lowered  atnospherle  pressure  had  no  effect  upon 
ovarian  sensitization. 

It  was  of  interest  to  note  that  those  animals  placed  in  water 
lutd  a  higher  oean  ovulation  percentage  than  the  toads  kept  in  the 
dry  condition.    When  the  ovulation  means  for  the  wet  and  dry  e:iq>eri-> 
■eatal  toads  were  compared,  a  significant  difference  was  found  to 
exist  (t.  s  2,99,  Pi  <  0,01),    However,  the  comparison  between  control 
aniaals  exposed  to  yf%  end  dry  conditions  failed  to  attain  signifi- 
eanee  (t.  -  1,28,  P,  >  0.05).    In  the  following  section,  OTnsideration 
Is  given  the  role  that  water  plays  in  the  stinnilus  of  the  toad's 
pituitary  gland. 

Xffects  of  Water  U^n  Teoale  foade 

Rather  early  in  the  study  it  was  found  that  female  toadt  brought 
directly  from  the  fidd  occasionally  gave  low  or  aacatlTe  onmlatioB 
results.    It  was  noted  that  this  peculiarity  seemed  to  be  correlated 
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vlth  SxT  soils  at  the  collection  site.    A  few  toads  kspt  an  nolst 
paper  towels  in  storage  Jars  g&YS  similar  results*    Howerer,  those 
f easl««  held  in  gallon  storage  jars  oontainisg  ona-foturth  in^  of 
vater  reacted  normally  to  the  in  vitro  tests. 

Prelisdnary  tests  showed  that  those  females  kept  in  wat*r, 
previous  to  the  removal  of  their  ovaries,  yielded  hi^er  percentagM 
of  ovulation,  while  toads  kept  under  dry  conditions  gave  very  low 
ovulation  results.    Occasionally,  hig  females  retaining  large  aaountt 
of  fluid  in  their  hladders  and  lynph  sacs  gave  normal  ovulation 
results  in  spite  of  subjection  to  dry  conditions*    In  g«ieral,  however, 
there  seesied  to  he  a  direct  correlation  hetween  percentage  of  ovula* 
tion  in  vitro  and  exposure  to  water*    Three  different  types  of  e3q>er- 
Iments  ware  performed  to  Investigate  this  relationship  of  water  to 
ovulation.  ' 

£yp03ure  of  Females  to  Wet  and  Dry  Condi tlont.    In  the  first 
ozperiment,  experimental  toads  were  kept  in  finger  howls  containing 
100  ml.  of  tap  water,  and  control  toads  of  similar  siae  were  placed 
la  tevls  whidl  were  dry.    Xtrlne  was  removed  from  the  dry  containero 
throu^out  the  period  of  exposure.    The  animals  were  held  under  these 
conditions  for  a  period  of  forty-el^t  hours  and  then  sacrificed  for 
their  ovaries*    These  w«ro  exposed  to  stock  pituitary  dilutions  and 
tte  owtletien  percentages  obtained.    A  total  of  fifteen  comparisons 


of  thl«  typ«  v«r«  eondtteted  tielng  thirty  f  emslee  and  thirty  laal^ 
(pituitary  donora).    The  Indivldtml  and  nMaa  ovulation  percentages 
ere  shewn  In  Tphle  16»  sibile  a  graphic  oonperlscn  of  these  resalte 
Is  shown  In  Figure  11» 

A  statistical  analysis  >ras  made  between  the  OTulatlon  percent- 
ages, at  the  one-half  pituitary  lerd,  for  toads  es^sed  to  wet  and 
dry  conditions  (Table  19).    A  significant  difference  was  found  to 
exist  In  this  comparison  (t.  ^  2.95,  P.  <  0.05).    A  second  more 
generalized  analysis  was  aede  In  which  ovulation  percentages  were 
taken  from  all  pituitary  dilutions  (one-half  to  one-sixteenth)  tmder 
the  two  conditions  and  compared  (Table  19) •    ikigtln,  a  significant 
difference  was  obtained,  with  t.  b  k,k,  and  P.  <  0,001,    It  Is  rather 
generally  loiown  that  anurens  deissnstr^^te  active  water-uctake  until  a 
physiological  optlnum  is  reached,  and,  from  these  reeolts.  It  airpeare 
that  the  presence  of  water  Is  necessary  to  mrtml  cvulatloQ, 

IiDOsufe  of  yesales  to  a  3oll-Molsture  Oradlent.  Af t«r  the 
water-oTulatlon  relationship  had  been  denonstr&ted,  it  seened  worths 
iiMle  to  investigate  the  aaount  of  nolstttre  needed  to  induce  a 
phjnilologlcally  optlsus  state  for  noraaL  ovals  tion.    The  spadefoot 
lives  in  a  burrow  and  ie  undoubtedly  affected  by  fliictuations  1» 
soil  aeisture.    Therefore,  an  experlnent  was  designed  using  • 
ffndient  of  soil  oeistures.    It  was  l»ped  that  a  critical  moisture 


TABLE  18 


YITHO  OTtlLATIOS  PERCSUTAC-SS  OHPAIHSD  USIIW  OTABISS 
TAm  FROM  flMALES  SlIBJECTSD  TO  WEt  AID  DBT  COKDITIOHS  yOR  kB  HOURS 


JM*  Wet  Condition  Hry  Condition 


Anount  of  Pittilt&ry  in  10  Ml.  71tdd 
1         1/2      1/if     1/8  1        1/2     Ifk  1/8 


6-26-54 

46.2 

32.5 

4.0 

15.6 

M 

2.9 

21.4 

4.8 

38.1 

38.8 

64.1 

0.0 

M 

0.0 

2.6 

0.0 

6-28-54 

32.9 

45.1 

18.0 

8.7 

0.0 

0.0 

0.0 

2.3 

13.2 

3.9 

0.0 

12.5 

2.9 

0.0 

6-30-54 

7.0 

20.8 

19.5 

34.0 

27.5 

2.1 

10.0 

0.0 

49.0 

12,8 

3.6 

0.0 

17.6 

1.7 

1.8 

0.0 

7-1-54 

31.9 

13.0 

30.8 

11.8 

5.? 

19.2 

3.0 

0.0 

17.0 

30.4 

5.9 

0.0 

17.9 

6.8 

0.0 

0.0 

7-6-54 

62.5 

36.4 

42.9 

0.0 

M 

0,0 

0.0 

0.0 

10.0 

14.0 

9.4 

0.0 

M 

0.0 

0.0 

0.0 

7-12-54 

12.2 

0.0 

0.0 

2.9 

0.0 

0.0 

0.0 

0.0 

11.1 

42,2 

9.4 

5.1 

12.8 

40.0 

9.4 

2.6 

25.9 

15.7 

3.1 

0.0 

25.0 

28.6 

30.7 

19.0 

12-1-54 

14.0 

M 

7.5 

9«9 

K«an         24.8     24.2     16.5       6.0  i»3      8.9       6,3  2.0 
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WUh  U.«  jji  zUaCB.  oTvIatien  Minltt  obtained  froa  f«Ml« 
%m4»  «9BpM«d  to  wt  aad  dry  e«aditi«u. 
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pcretittagtt  sd^t  t>e  found,  alK>ve  yAAch  ovul&.ti(»i  wotAd  procMft 
noroally,  Tnit  "below  which  wat«r>i^tfik«  wotild  be  insufficient  for 
oTulation  to  occxu-  nonaally. 

A  large  q^oantity  of  soil  taken  froB  a  laurrov  site  was  oYea 
dried  for  forty-ei^t  hovtrs.    Soil  aliquots  of  300  grams  were  placed 
in  six  finger  "bowls.    By  dry  weight  of  soil*  the  foUowlBC  peTOea-t- 
•^es  of  tap  water  were  added  to  the  six  soil  saasples  (50^t  ^5!^t 
33^«  25^.  10^.  and  05S).    In  the  howls  containing  forty-fire  and 
fifty  percent  water,  the  soil  was  heyond  the  point  of  saturation 
and  a  film  of  wat«r  stood  above  the  80il*s  stirface.    Saeh  fini;er 
1)owl  was  covered  hy  a  second  inverted  "boifd  to  prevent  moisture  loss, 
fwo  female  toads  were  put  into  each  soil  sasmle  and  allowed  to  burrow* 
The  toads  were  reiaoved  In  forty-eight  hours,  aaorifioed,  and  their 
ovaries  used  In  ovulation  tests.    Four  pieces  of  ovary  wttre  taken 
froB  ttBxih  toad  and  eadti  was  stupended  in  a  vial  eontaiaing  5  nl« 
of  pituitary  suspension.    Toads  expose  to  soil  moistures  of  50, 
^>  33*  25.  10,  and  0  percent  gave  mean  ovulation  percentages  of 
70.0,  49.0,  48.2,  24.7.  2,7,  and  6.3,  respectively.    Although  no 
sharp  break  in  ovulation  occurred  at  ai^  level  of  soil  laoisture, 
reduction  of  soil  noisttire  seemed  to  have  a  gradual  inhibitory 
effect.    This  furnishes  additional  siqjport  for  the  idea  that  ovula- 
tion seeiss  to  be  correlated  with  escposure  to  moisture* 


test  of  %h«  effect  of  s»istttre»  a  terles  of  ohaabers  were  en^lo^ 
ed  in  which  faunidities  res^^  froa  0  to  93  percent.    'Saei^e  ohaiaibers 
consisted  of  gtdlon  jars  containing  an  exsess  of  certain  salts  in 
taturatsd  solnUons,    It  is  vail  kaovn  that  a  satixrated  aqiiiaaBS 
•oltiHon  (water)  In  ran  tact  with  aa  sxosss  of  a  definite  solid 
phase  (a  salt),  will  ntaintain  a  constant  Minidity  v^en  kept  in  an 
enclosed  space  at  a  given  teraperatore.    From  the  IntematioBAl 
Critical  Tables  (1926),  certain  salts  (Table  20)  were  selected  which 
wotild  produce  desired  huoidities  at  20°  C*    Excess  aammts  of  thes* 
salts  were  placed  in  100  ml.  of  distilled  water  in  eaoh  of  five  jart 
of  one  gallon  capacity.    To  a^eve  a  zero  fatmddity,  150  grams  of 
CaCl2  we  placed  in  a  alxtb  Jur*   A  tij^tly  fitted  platform  of  one- 
fourth  in<Sx  hardware  elefSi  was  snpported  3  inches  abore  the  solution 
by  a  gLasswsre  foundatioiu 

The  series  of  jars  were  kept  in  a  refrigerator  set  at  20<>  C. 
and  animals  were  giren  a  twenty>four  ho\ir  period  of  ei^oeare*  "foads 
held  at  lower  hxaddities  tended  to  desiccate  rapidly.    It  was  for 
this  reason  that  the  period  of  treatment  was  redueed  froa  the  forty^ 
ei^t  hours  employed  in  the  ezperlBents  on  temperature,  moisture, 
atmospheric  pressure,  etc.  to  twenty-four  hours.    U|»n  reaoval  froH 
%^  taKusidity  ohambera,  toads  ver*  reweie^ied  and  then  sacrificed. 
7our  pleost  of  oraries  were  taken  from  eac^  toad  and  siupended  in 
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dilutions  of  pituitary  vssrying  from  one-half  to  one-sixteenth 
anterior  lobe  in  10  nl.  of  Holtfrcter's  fltdd. 

Mean  paroe&tagas  of  ovulation  for  the  gradient  of  hoolditieo 
were  m  folloint    98)0  -  12.5t    7550  -  l^.U   ^)  -  ^.7;    aojJ)  - 
2.1 1    If^)  -  3.8:  ai^  O^S)  -  1.1.    On  inspection,  this  seems  to  Inr 
dieato  a  direct  correlation  between  ^^ercentage  of  ovulatimn  and 
htBOddity  ('Table  20),  and  this  concItiBion  was  validated  when  the 
data  were  analyzed  statistically.    A  strong  positive  correlation 
was  found  to  exist  between  ovulation  and  hcnsidity  (r  ■  0,k5  *  0.l6), 
and  it  was  found  to  be  statistically  significant  (t.  •  2.5.  P«  * 
0.02}  •    fherefore*  each  of  the  three  entirely  different  types  of 
experiments  dmllag  with  noisttire  Indicates  that  moisture  plays  a 
very  iiaportant  role  in  producing  ovulation.  v 

IsEpotore  of  HypophysectoffllBed  Toada  ^.  . 

To  wet  and  Dry  Conditions  ^ 

VSright  (19'^^)  reported  that  a  narked  increase  in  ovulation 
in  vitro  followed  hypoT^ysectomy,  in  Rena  pi  pi  ens,  due  to  the 
sensitization  of  the  ovary  by  the  release  of  ccmado tropins.  SeeaxiM 
t%  bed  bem  demnetrated  repeatedly  in  the  poreseai  work  that  exposure 
•f  feaales  to  nolBture  night  bring  about  ovarian  sensitization  in  the 
^padefoot,  it  was  decided  to  test  the  effects  of  wet  and  dry  conditions 
en  hTpoj^iyseetonized  animals* 


"la  »«»vine  the  yzxe  dlstalla.  fMBales  were  put  wjdar  a  11^ 
wiftathesia  with  ether.    It  wad  potsiljle  to  open  the  gape  of  the  aouth 
Buffloieatly  so  that  It  was  not  neewMtfJ  to  ext«»d  th»  ancl* 

of  the         •  A  softU,  three-sided  flap  was  cut  la  the  skin  of  the 
roof  of  ttie  mouth.    This  was  folded  "baak  pasteriorly  and  the  par*- 
sphenoid  bone  exposed.    A  snail  hole  was  drilled  throu^  this  bone 
«|  «  Mdial  point  intersected  by  a  line  dra\m  throvi^  the  anterior 
of  the  two  lateral  projections.   A  hi^speed,  flexible-shaft 
hand-drill  was  used  along  with  a  dental  bur  (So.  ^  straight  haad- 
pleo«}«    Ijpia  penetrating  the  brain  case,  any  e^ccess  blood  and  body 
fluids  were  reoored  by  aBplr&ti«i«  but  little  bleeding  occurred 
throtighout  the  entire  operation.    The  pars  di stalls  was  lifted  out 
with  a  pair  of  fine-pointed  forceps.    Care  was  taksen  not  to  rcsurra 
TJ^rs  nervosa  ft^i^  -pars  interaedia.  because  of  the  iatportanee  of 
the  former  in  aaintalning  water  balance.    Xe  attmopt  was  Biade  to 
suture  the  oral  ouoosa  since  it  had  been  reported  that  the  thread 
end  knots  only  cause  additional  irritation  (wri^t  and  Kacin^e, 
1950).   Cie  aaiaals  reeorered  rapidly  fzea  «h«  •ffeets  of  the 
anesthesia  and  ^e  operatiott* 

'  The  -pars  dlstalla  was  reaovtd  frets  four  toads  in  *h»  muuMt 
described.    Two  of  these  toads  were  placed  in  a  jar  containing  one- 
fourth  inch  of  water.    The  reaalnlng  two  toads  were  held  la  a  dry 
jar.    After  a  forty-ei^t  hour  exposure  period,  the  toads  were 
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•aorlfioed  and  their  oTsrles  renored.   ?<mr  piee»«  of  orary 
ialnm  froa  each  toad  asd  exposed  to  a  pituitary  hoaogenate  diluted 
to  the  equivalent  of  oneHhalf  pituitary  in  5  aO..  of  Holtfreter*« 
solution* 

The  ovulation  results  from  the  two  sizteen-vlal  aeries  were 
rsmrkahly  slsdlar.    The  nsan  peroenteee  of  ovulation  for  hypo- 
physeetondzed  toads  es^osed  to  wet  and  dry  oonditlons  was  21.3  Z  7>1 
and  25.6  *  6,5t  respectively.    The  means  were  compared  statisticallyt 
hut  were  foumi  to  lack  a  significant  difference  (t.  »  0.^,  p.  >  0.05). 
Mean  ovulation  values  for  the  control  toads  were  28.8  ^7.7  percent 
for  the  two  toads  exposed  to  water,  and  7*3  *        percent  for  ths 
pair  of  feaales  subjected  to  a  dry  state.    A  statistically 
significant  difference  was  found  when  these  two  means  were  coispared 
(t*  "  2.56,  P.  <  0.05).    The  individual  and  mean  ovulation  results 
for  hoth  the  hypo;^sec  tool  zed  and  nor&ial  toads  are  shown  in  Table  21. 

fh»m  results  indicate  that  exposure  of  hypo^iyeeetoiBlzed 
females  to  varying  conditions  of  noiatttre  produces  no  significant 
differences  in  the  percentage  of  ovulation.    Since  the  percentage 
of  ovulation  in  all  of  the  hypophysectosdzed  feaales  was  approximate- 
ly the  saas  as  that  feuad  in  noraal  aaiaals  e^qposed  to  water,  the 
ovaries  of  hypophysMtooised  anlaala  «KSt  have  he«n  pre->8«nsitized, 
thereby  ellalnf ting  the  necessity  for  water.    Seeain^y,  the  ovaries 


TABLE  ZL 


AHD  HOBMAL  TOia}S  Am&  SUBJECTIOS  90  «BV  ASD  URY  COHBirXOIS 


Condition      Ss^surc      Percent  Ovulation  Using  Ona-^ 

of  Fomlea     Conditions  Half  Pituitary  in  10  ml.  KMtt 

Fluid 


16.9      28.5      'W.O      52.6      25.6  ♦  6.5 

Pars  kQ,6       7.7       5.3  3.8 

diatalis   . 


BoaoTad 


Vwraal 


56.1      5*>.8      19.0  11.1 
wat  21.3  1  7.1 


12.2        8.6        9.1  5.0 


17.9       5.9      10.3  7.7 
Dry  7.3  Z 


6.1       Z.k'       0.0  6.9 


16.7      1^.7      10.3  18.8 
Wat  28.8  Z  7.7 


7i^,k      27.3      58.3  12.9 
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of  1)0 th  groups  of  hjHpopliTseetoflilzod  anlaals  had  iiwxIibrTIj 

Bensitlzsd,  since  water  had  no  added  stimtdetory  effect.  Tfaas, 

In  ScayhloTms  holhrooki,  as  In  Rana  -plplens,  hTpophysectcMsj  seeat 

to  bring  about  a  sensitization  of  the  orary.    This  sia/  well  be,  as 

Wri^t  (19^^)  indicated,  the  result  of  the  release  of  gonadotropins 

at  the  tiae  of  hypephyseotoBort  althoti^  no  attempt  was  aside  to 

deterndne  this  in  the  spadefoot.    This  leares  unsolTed  the  problem 

of  how  expostore  of  the  female  spadefoot  to  water  sensitises  the 
« 

ovary,  . 

Monthly  Condition  of  Spadefoot  Oonads 
in  Relation  to  Breeding  SensitlTity 

It  is  well  known  that  certain  aa^Mbia  resorb  their  eggs  and 
sperm  if  favorable  environmentel  conditions  do  not  prevail  during 
their  usual  breeding  season.    Ru^,  (1951)  in  discussing  Rajgl 
•piT>iens.  reports  that  if  the  female  is  forced  to  retain  her  eggs 
beyond  the  normal  breeding  period,  the  ova  will  start  to  eytolyze 
in  the  ovary.   However,  field  data  indicate  that  the  S|»defoot> 
unlike  Raaa  pitilens.  is  not  a  seasonal  breeder,  but  may  breed  in 
any  month  of  the  year  when  environmental  conditions  are  suitable, 
Kriting  about  the  eastern  spadtfoot  toad.  Ball  (1936)  said,  "ScaTMo- 
^s  seems  able  to  retain  its  ova  and  sperm  toitil  temperature  and 
water  conditions  are  favorable  -  even  imtil  midsummer."  Trowbridge 
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$aA  fTowbria««  (1937) ,  working  with  ^.  tomblffona  state,  "It  raaaiiM 
to  be  shown  how  long  spadef oot  females  can  retain  ripe  agga  and  hare 
them  fertlllsaljla  whan  laid.*    In  an  attaapt  to  determine  how  long 
mttcre  Tlahle  spera  and  ora  ai^t  he  retained,  the  condition  of  tha 
ffmaAm  was  oheokad  each  aonth  for  a  period  of  one  yaar* 

Monthly  Ratio  of  Ovary  Weight  to  Body  Weight,    It  seemed  logi- 
(Htl  that  if  the  metxiration  of  ovaries  (due  to  an  inereasa  In  ntDsber 
•f  •eK9*  an  increase  in  stored  yolk  materials,  or  cell  growth)  were 
seasonal.  It  idght  be  revealed  by  eooparative  ratio*  of  ovaries  to 
body  weights,    l&cax  month,  therefore,  the  ovary  wei^ts  of  ten  or 
■ere  fenale  toads  were  recorded  and  averaged.    These  ratio  percettt- 
«ges,  along  with  the  nnna>er  of  feaaales  saerifleed  are  shown  la 
Table  22.    The  means  for  December  and  April  showed  the  widest  range, 
but  a  statistical  o«B|>anBO]i  between  the  two  failed  to  show  a 
significant  difference  (t.  •  1«2.  P,  >  0,05).   Tfrm  thea*  results, 
it  was  condteied  that  in  the  absence  of  ovulation,  female  spadefoots 
carry  a  full  eonpleraent  of  nture,  viable  eggs  at  all  tiaes  of  the 
year. 

Comparative  T'tonthly  Study  of  In  Titro  Ovalatlon.    tn  1937. 
Bugh  showed  that  there  was  a  marked  seasonal  variation  in  the 
•ttaeeptibility  of  the  ovary  of  ^.  pipieae  to  pituitary*induced 
ovulation  and  that  a  greater  aaovtnt  of  pituitary  was  required  to 
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nSLE  22 

CCSCPARATnE  HOHTHLT  BATIO  (ff  OTAET 
WHtfflT  TO  BODT  WEIGHT 


Honttt 

SoBber  of 

indiTlauals 

Mean  Percentage 
oraryj  iBoay  Aei^t 

At^ust,  195^ 

11 

14.8 

September,  195^ 

18 

15.9 

October,  195^ 

31 

15.7 

NoTeaber,  195^ 

It 

16.5 

December,  195^ 

t$ 

li^.o 

January,  1955 

15.5 

Ta^roary,  1955 

25 

11^.7 

March,  1955 

i? 

15.7 

April.  1955 

17.2 

May.  1955 

20 

16.5 

Jitne,  1955 

U 

15.3 

July,  1955 

12 

16.6 

Total  IhuBber 

205 

Mean  15.7 

proftnc*  a  glTWi  aiaotmt  of  ovolatlon  In  October  than  In  Msroii, 
'i^rt^t  (1^5)  condncted  an  in  -vitro  ovulation  study  vAth  this  9am 
sp«elet  and  tovxxL  that  there  was  a  progresaiTe  increase  in  response 
to  pituitary  naterials  from  IToveaber  (9<5^}  to  April  (89.0^) •  Sine* 
the  spadefoot  is  known  to  breed  in  practically  any  laonth  of  the  year* 
it  seened  important  to  test  whether  such  a  Masenal  peak  of  orolation 
occurred  in  this  form,  ,  . 

fe  deiendne  this*  a  Ipxgs  standardized  pituitary  solution  was 
needed,  so  that  eqttal  aliquots  (held  in  a  frozen  state)  could  be 
«Md  for  monthly  in  vitro  tests.    7o  secure  sxifficient  pituitary  for 
such  a  stock  solution  presented  a  problem  because  of  the  ii^actioa- 
bility  of  collecting  a  large  rnsnber  of  toads  at  one  tisM.   for  this 
reason*  a  stock  solution,  consisting  of  twelve  aaMTated  aale 
pitultaries  stuipended  in  120  ml.  of  Holtfreter*s  solution,  was  pre* 
]^ed  ewdi  aonth.    This  solution  was  then  divided  into  twelve  vials 
and  frozen  for  future  nee.    wri^t  (19'^5)  found  that  frozen  pituitary 
solutions  retained  their  homnone  titer  for  extended  periods  of  tixae, 

laoh  oonth  one  feaale  toad  was  sacrificed  as  an  ovajry  donor. 
Tials  of  frozen  pituitary  from  each  monthly  pituitary  preparation 
were  thawed,  and  diluted  to  the  equivalent  of  one-half,  one-fourth, 
end  one-ei^th  of  «  pituitary  in  10  id.,  ef  fl«M»   This  eatperiiaent 
iMts  begun  in  August,  195^*  and  in  each  consecutive  month  an  additional 
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Tl&l  of  pittdtary  was  tiseft*  to  that  by  th«  twelfth  oonth  HArtT^ 
six  Tlals  were  eis^loyed  to  test  the  representative  f<sa&le  of  th« 
month,  :      "  ' 

The  monthly  oTulatlon  rettdts  for  each  frosen  pituitary 
preparation  are  shown  in  Tahle  23.    When  the  monthly  ovulation 
percentages  are  creraftd  aaA  eonpared,  the  results  are  found  to  he 
fairly  eonel stent «  indleatlng  that  no  seasonality  Ih  gonad  activity 
exists.    A  statistical  comparison  was  made  for  the  ovulation  results 
obtained  from  the  three  Mlutions  used*   At  the  one-half  pituitary 
concentrgtlon,  the  months  of  February  end  June  had  the  greatest 
difference    in  ovtilation  means,  but  when  compared  statistically 
lh«M  showed  no  significant  differences  (t.  "  1.9»  P*  >  0.05). 
The  months  of  March  and  Jtme  had  the  widest  divergence  in  ovulation 
reeults  in  the  one-fourth  pituitary  dilution  range;  nevertheless^ 
no  statistical  differences  existed  (t.  •  1,8,  P,  >  O.05).  The 
greatest  range  in  ovulation  percentages  for  the  one-eighth  pituitary 
dilution  were  found  in  Mior^  and  June,  but  a  statistical  comparison 
showed  that  the  differences  were  insignificant  (t,  •  0,33,  p.  >  0,05), 

Since  no  peaks  in  ovary  sensitivity  were  foiaid  for  any  month 
or  season  of  the  year,  it  may  be  assuaied  that  the  feoalt  Is  «apabl« 
of  breeding  during  any  month.    The  three  statistical  coapartsons 
verify  this  assoBtption, 


1 


10^ 


m 

tA 
o 


•3 


!3 


>4 

O 


0 
O 

■»» 

Oi 


9 
O 

« 


»4 

P 


o 


O 


P 


"fl  -S  o  -d 

*»  1-4 

ct,  n  «4 


4> 

X  V  o 

flop 
O  f«  o 
X  N  w 


OS  CM 


N  OS-* 


•  •  • 

^  N  r-» 


c~\co  to 


m  r>  f-H 

•  r-t  vo 
w    •    •  • 


I 


f^ca  N      J*  OS  CM 
•    •    •  •    •  • 

CO      CTv      so  rH 


r\r>c>-     eOOso  ^-w^^O 


00  OS 

•  •  • 
O  C-M 
f-i 

r-t  r>  o 

•  •  • 

INCs-O 


MOM       CM  Ov  r>      CM  00  O      ^  SO  (M 


Os  O  O 


CO  CO 

•  ■  • 

<H  1-4 
<0  r-l  ^- 

•  •  • 

CM  ,H 

O  *  O 

•  •  • 

f^eoso 


vrv  \rv  o     d- r^Cv     »r»  o  CM     so  r-i  o     ^  -=>■ 


OsM>0 
CM  CM  r-) 


OS 


CM  CM  so 
CM  t-l 


v>  o    A  r-so 


CM  IVV^ 
CM  f-l 


IS  CJs  C7S       r-l  CM  1-4 

•  •  • 
Nsp  cn 
W>-3  CM 


gS-d-  cjs 

r\<M 


W  CM 


O  VO  CJs     SO  SO  SO 


eO  CM  CM      f-4i-tsO      so  J*  »-» 

OscnC^     soV\Os  w>es.c^ 


CM  r4 


^0  Os 


osj*  <^    o  >-f  ^-  >«t>-o 


so  i-t  CO 
cn  CM 


o  o  o 
o  »-«  o 


»r»co  P- 


*  •  • 

o  o  o 

r-t  fH 


r-l  cnsO 
CM  i-i 


r-«  CM  eO 
•    •  • 

r-l  CO 


cMso  ^-  eo 


O  ^ 
•    •  • 

SO  CO  trt 
-sF  CM  »-i 


SO  VTjsO 
CM  rH  r4 


CM  r4 


H  Ci 
>    •  • 

Cs-CM  Jt 

•  •  * 

OojJ-  c^ 

ft 

CM  CM 

•  •  • 

H 

00  00  V\ 

•  •  • 

^  vr>  OS 


so  r>o     <3s  »rveo 


r^  cncM 

r%  CM  r< 


so  «^  c^ 
•  •  • 

Cs.  CM  OO 


On  CvJ  J*      CO  C^-4-       CTsSO  CM      O  C7s  CO      >l^SO  tV      f-l  O 


CM  J-  00      CM^OO       CM  ^  00       CM  -d-  CO       CM  ^  CO       CM  00 


i   i  I 


107 


o 

2 


I 


A. 


O 


I 
1 

4» 


» 

1X4 


o  Ji-  o 

H    •    •  • 

h»  <N2  f-l 


1 


I 


>4 

5 


W>  U> 


•    *  • 

V\M  CO 


*3 


p 
» 


>»  N  • 

tjj  -p  o  -eJ 

P  SJ  r-l 
A<  A  ^  ^ 


s 

>» - 

ri  a  m 
fi  •  o 

o  M  e 
X  « 


so  O 
•    •  • 


J*  f-4  <^ 

•  •  * 
N  0\  r-t 
N  fH  iH 

•  •  • 


P~\  OS  O  CM      vr\vo  <M 


o  a\  J  u>\n\f\ 
•  •  •      »  -  - 

l-t 


^  OS  HI 


•  ■  • 

CM 

•  •  • 

CO  00  rH 


CM  O 

J-  CM 


»r»  CM 


CM  J*  CO 

^8 


o  so  r>    IS  v\ 


<M  1-4 


>o  o 

•     •  • 

MD  »r\  O 
CM  c-i  f-4 


CM  OsJt 
CM 


r1  0^0 
•    •  • 

O  C^O 


N  CO  V\       r-4  r-l  f-( 
•    •     •         •    •  • 

On     vn     o  ^  (4 


CM  C*-^ 
^  r4 


CM  J*  CO  BO 
r-t  r-l  r-T      r-t  r-»  r-t 


CM  ^  CO 
f-«  »H 


(M  ^  CO  CMid-  CO 
i-l  r-(  rH       r-i  r-A  t-i 


CM^  00 


i   i   I  I 


CM  »r>o 
•  •  • 

Osso  flO 
CM  r4 


r>  r-l  r-t 
•    •  • 

SO 

CM  r-l 


r-l  O  04 
•     a  • 

0\\0  CO 
CM  r-l 


CvO>.|N 
•    «  • 


C-r4  O 
•    •  • 

0^  CM  rH 


•  •  * 

o^co  00 

O  r-»  ■* 

•  •  • 

O  r-l  r-4 

•  •  • 

CM  C^flO 

v\  «n 
«  •  • 

CM 

0^  r-t 

00  VO 

•  •  • 

r-l  r-l 

•  •  « 

CO  NO  NO 
CM  r-t 

rH  NO 


« 

I 


108 


If  it  is  true  thet  the  frasal*  iQ>adefoot  is  not  a  esasonal 
breeder*  it  seeoed  necessary  to  detersdne  whether  the  male  toed 
yam  likewise  oe^ble  of  hreediag  throu^ut  the  year.  Therefore, 
In  esdi  nonth  froa  July,  195^,  through  Jtme,  1955*  two  iKsle  toadt 
vere  injected  with  the  eq^olvelent  of  two  stele  pituitaries  oacersted 
in  1  nl.  of  AiDphibian  Binder's  Solution.    Sperm  heing  found  in  the 
tu>ine  of  each  aniasl*  in  tireaey  toonth,  indicated  that  matnre,  riahle 
sperm  were  present  in  the  testes  and  that  the  male  toad  was  alwst 
certainly  capable  of  fertilizing  ora  under  natural  conditions. 
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Discussion 

Th*  question  nay  T)«  r&lsed  at  to  ^ethar  the  ia  ▼itro  oTulai- 
tlon  technique  which  has  "been  employed,  not  only  In  this  study,  hut 
also  by  other  workers,  is  a  Talld  aethod  of  studying  oTulation  and 
the  factors  Inyolved  in  this  process.    Heilbrunn,  Dau^erty,  and 
Vllbur  (1939)  pointed  out  that  eggs  shed  from  oraries  of  Ruft  slslm 
and  suspended  in  pituitary  solutions  showed  polar  body  formation  as 
do  eggs  ovulating  naturally.    In  19^,  Ryan  and  Grant  further  sub- 
stantiated the  normality  of  ifl  vitro  ovulation  by  reporting  that 
•ggB*  ovulated  ia  vitro  and  passed  throng  the  oviducts  of  an  ovari- 
eotonised  female,  were  capable  of  being  fertilised  and  prod\ieing 
•viflBdng  tadpoles.    Wright  (19't'5)  showed  that  the  relationship  b«« 
tween  the  percentage  of  ovulation  and  the  concentration  of  pituitary 
■aterials  is  the  same  for  both  the  ia         ^        in  ▼itro  techniques. 
It  has  further  been  shown,  both  by  Wright  (19*^5)  and  by  the  present 
work,  that  large  doses  of  pituitary  are  ineffective  in  producing 
ovulation  in  anurans,  and  this  is  in  line  with  the  observations  of 
roster,  Poster,  end  Hisaw  (1937)  on  the  rabbit,    Biere  is  a  striking 
sitailerity  between  both  the  upper  end  the  lower  Uniting  temperatures 
found  for  the      vitro  tests  in  this  sttidy,  and  the  range  of  tempera!* 
tures  at  \^ich  the  toad  is  active  and  at  which  breeding  takes  place 
la  nature.   Finally,  it  it  well  known  that  ovulation  ^  vivo  it 
ttioalated  by  gonadotrople  faetort.    In  the  studies  on  the  spadefoot. 
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UBlng  th«  in  vitro  teehnlqpie.  ovulation  occurred  only  y^re  pituitary 
had  bean  used,  and  no  STwntaneous  ovulation  occurred  in  any  control 
vials  containing  Holtfreter's  solution.    Since  the  parallellra  between 
in  vitro  ovulation  and  4a  vivo  ovulation  is  so  great,  It  eeesM  safe 
to  conclude  that  the  ^n  vitro  technique  doee  afford  a  valid  method 
of  studying  ovulation,  at  least  In  anoriats. 

Some  differences  have  been  observe  between  ovulation  ifl  vltr<^ 
In  the  spadefoot  and  the  ovulation  process  in  other  foros  as  reported 
by  various  workers.    Hugh  (19W)  reported  that  the  pituitary  of  the 
■ale  Rana  •ffUpifflW  had  only  about  half  the  potency  of  the  female  gland, 
althou^  he  stated  that  the  number  of  glands  needed  to  Induce  complete 
ovulation  varied  seasonally.    In  the  spadefoot  the  writer  found  that 
the  male  pituitary  was  about  76  percent  as  potent  as  the  female 
pituitary.    The  discrepancy  between  these  potency  valties  may  be  due 
to  specific  differences,  since  the  two  genera  are  phylogenetlcally 
well  separated  within  the  Anura.    Ruga's  work  tested  Intact  female 
frogs  for  nonial  ovulation  following  pituitary  Injections,  end  he 
was  more  or  less  concerned  with  an  all  or  none  response.    In  com- 
parison, the  present      vitro  study  was  q[uantltatlvely  more  accurate, 
since  a  precise  ovulation  percentage  could  be  obtalasd. 

AgaiA,  Wrl^t  (19^5)  ♦  using  Haaa  riialens.  obtained  maximal 
ovulation  ia  ▼itro  with  one-el^th  of  a  pituitary  in  10  ml.  of  fluid. 


Ill 

i&«r«a«  one  entire  gland  in  10  al.  of  fluid  vat  required  for  maximal 
effects  in  SeaTthiOTyus  holbrooki.    Several  factors  ml^t  cause  this 
difference.    In  the  first  place,  ifrigjit  used  female  pituitary  i^ile 
■ale  pitiiitary  mis  used  in  the  present  study.    But  the  difference  in 
reqviired  concentrations  is  too  great  to  he  accounted  for  solely  hy 
the  difference  in  potency  of  the  pituitaxy  of  the  two  sexes.  The 
jfsxe  di stall 8  from  a  matuw  southern  leopard  frog  is  two  or  three 
tine*  *•  large  as  that  from  an  adult  spadefoot  toad.    The  pieces  of 
ovary  used  in  the  two  studies  were  approximately  the  same  8ize»  since 
the  size  of  the  Titellus  is  almost  identioel  in  Bana  piT?ien8  (1.3  ' 
2.0  jsm.)  and  Soaphieuus  holhrooki  (1,4  -  2.0mm.). The  hormone  titer  of 
the  pituitary,  among  individuals  of  the  same  sex  in  a  single  species, 
seems  to  he  pretty  much  the  same  regardless  of  the  size  of  the  aniaal 
or  of  the  gland  itself.    However,  since  the  pituitary  of  the  Ran% 
ripiens  is  nnich  larger  than  that  of  ScaTjhj.o-DU8.  it  seems  logical  to 
expect  that  its  hormone  titer  would  therefore  he  a  good  deal  higher. 
If  this  is  true,  tiien  a  portion  of  the  gland  should  yield  as  wuik 
hormone  as  an  entire  gland  of  ScaT)hiopu8  holbrooki.    Thi s  may  account 
for  the  apparent  difference  in  concentration  req^ilred  to  induce 
waximal  ovulation  in  the  two  species.    These  hormonal  differences 
indicate  that,  for  experimental  purposes,  a  standard  method  of 
determining  the  actual  horaone  titer  is  needed.    Measurements  in 
%mrm  of  numbers  or  fractions  of  pituitaries  is  unsatisfactory. 
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A  eonaiderablo  dlffereiie«  in  the  time  required  to  lnitlat«  th« 
onset  of  ovulation  XsL  '^'^ro  vas  found  In  SoaT^pTrnf  holbroolA  ** 
eompered  to  Rana  niplen*.    Wrl^t  {19^5)  fovaoA  that  ia  rltro  oTxila- 
tlon  In  Rana  -Diriientt  started  about  the  tenth  hour*  timeaa  in  the 
present  work  it  was  found  that  ovulation  in  3eanhlcrDq.8  holhrool^ 
^9ffai  in  three  and  on»»half  hour*.    Die  explanation  for  the  tine 
differences  in  these  studies  is  prohahly  to  be  found  in  the  pitidtary 
dilutions  used.    Althou^  Vrl^t  {19'*5)  etated  that  none  of  the 
pittdtary  dilutions  (ran^ng  from  one  thirty-second  of  one  pituitary 
to  two  pitoitaries  in  10  nl.  fluid)  would  initiate  breeding  before 
the  tenth  hour,  it  was  noted,  in  the  present  study,  that  heavier 
concentrations  of  pitvdtary  initiated  the  ovulation  response  in  less 
time.    Pituitary  dilution  having  the  equivalent  of  four  glands  in 
10  ml.  of  fluid  elicited  4&  vitro  ovulation  in  one  emd  one^half 
hours  in  Sca-ohiotxa.    It  it  possible  that  the  ovaries  of  the  spade- 
foot  react  to  gonadotropins  In  a  shorter  tios  than  do  those  of  most, 
anurans,  slnee  the  entire  act  of  breeding  aa&  mtbryorde  development 
is  accelerated  in  this  form.    This  phenomenon  is  undoubtedly  cor- 
related with  the  habit  of  breeding  In  temporary  water.  Trowbridge 
(19^*1)  wrote,  "In  ScariiioTjus  boabifrons.  the  rate  of  development 
tturati^out  the  entire  embryonic  and  larval  period  is  more  rapid  than 
that  i^ch  has  been  reported  for  any  other  amphibian.   The  cleavages. 
In  particular,  take  place  with  erurprising  speedj  they  are  among  the 
aoat  rapid  call  divisions  over  recorded. * 
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for        tpiAifoot  toad,  there  Is  a  Barkid  siailarity  b«tw««n 

th«  limiting  and  optinm  tenparetures  for  tho      vitro  proces*  and 
ovulation  and  activity  In  nature.    The  lialtittg  tMqperatures  for 
the  In  vitro  ovulation  were  50°  T.  end  86«        the  optia&l  teBperes- 
ture,  7^**  7,    Peareon  (195^)  foimd  that  the  activity  of  the  spade- 
foot  was  greatest  between  50**      and  84**  F.,  with  raaadnaa  activity 
at  69°  y.  whidi  he  considered  optimal  temperature  for  this  species, 
ffei^eratwe  records  froa  thirty-four  spedefoot  hr ceding  ehoaruses 
showed  ^t  toads  toed  at  teaperatttTMi  as  lev  as  ^7®  f .  and  as  hii^ 
as  8^  P.  with  a  aean  of  71®  P.    Althou^i  induced  ^  vivo  ovulation 
occurred  In  pituitary-injected  females  at  t«aperatures  of  78°,  61**, 
aai  5iv°  F..  it  was  iahihited  at  twaper&tures  of  45®  and  37®  7. 
Apparently,  the  effect  of  cold  tetnperatures  near  50°      inhibits  the 
action  of  gonadotropic  hormones  In  the  spedefoot;  this  Is  In  accord 
with  Houssay  (1954)  who  reported  that  the  action  of  gonadotropins 
was  retarded  at  tei^eraturee  between  39°  and  50°  f.  In  Bufo  fltttm* 

She  physiological  process  of  111  vitro  ,  ovulation  in  the  spade- 
foot  toad  has  its  ecolo^cal  sero  (i.e.,  "the  hl^est  externally 
Isposed  temper?  tiire  at  which  a  phyelologloal  process  cannot  success- 
fully be  completed.*  -  Allee  sJk         19^)  ^»    ^«  effective 
tenroerature  thre^old  (i.e.,  "the  lowest  temperature  at  which  a  given 
phyelologloal  process  can  be  carrl^  throu^  to  completion."  -  Allee 
et         19*^)  for  j£  vitro  ovulation  In  the  spedefoot  was  50°  Bils 


eonevpt  nl#t  be  <KKtond«d  to  Ineltde  th«  txpp«r  t«iip«r&1nre  raogt 
vrlth  the  effective  tearpereture  threshold  at  86°  F,    It  was  noted 
that  the  jji  vltrp  ovulation  tenperature  curve  closely  approzimated 
the  theoretical  curve  rerareeentlne  the  general  effect  of  twaperar 
tore  on  anlinal  activity  (Allee  jst.aL»»  19^).    ^liw  noat  j^yslologl- 
cal  processes,  the  optlaal  ten^rature  (74^  F.)  of  ovulation  1^ 
,vitro  is  mch  nearer  the  i^olnt  of  heat  coma  (88°  F.)  than  the  point 
of  cold  narcosis  (iJ8°  J,).  '  *S 

One  of  the  physical  factors  tested  for  its  effect  upon  i,jx 
vltre  ovulation  was  pH,    A  sodium  veronal  acetate  buffer,  used  to 
test  the  pH  tolerance  of  the  J|j;^  vitro  process,  produced  conplets 
inhibition  of  ovulation  Jji  vityq.    The  so^lanation  for  the  iBhibi~ 
tory  action  of  this  Iniffer  system  is  not  clear.    Since  verbal,  or 
barbital,  is  used  as  a  soporific,  it  Is  entirely  possible  that  tiat 
narcotic  effects  of  the  bprbiturate  inhibited  the  ovulation  procots* 
Roussay  (19^7)  showed  that  the  expulsion  of  the  ovtun  from  the  ovarian 
aniAmM  wm  due  to  cmqprosaioB  by  saooth  Bsiseles  in  the  follicular 
tWil*    It  is  t)0ssible  that  these  mscle  cells  were  narcotized  to 
•uch  an  extent  that  the  e^  could  not  be  released,    Solliaan  (19W>) 
stated  ^t  an  adequate  anount  of  barbiturate  always  d^irossoo 
nooth  anscles,  but  in  Vfiorying  degrees.    The  exact  action  of  this 
narcotic  is  unknown.    However,  tdion  a  oodiua  phosphate  buffer  wao 
""i^*  i&  vitro  ovulation  -nrogroosod  neaemllj  at      values  of  6.5  to 
8.5t  and  was  optimal  at  7»3« 
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Heteroplastic  pltttltary  materials  hare  l>een  need  esttensirely 
for  the  indtiction  of  in  rivo  ovulation  (Greaser  and  Gortaan,  1939). 
lant  the  present  stiady  is  the  first  to  make  a  wide  utilization  of 
interspecific  pituitaries  for  4a  vitro  ovtilation.    The  only  previous 
is  vitr?  study  enploying  heteroplastic  pituitary  preparations  (sheep 
pitttitary  extract)  was  conducted  by  Vri^t  and  Hisav  (19^^)  in  gjon^ 
t)iT)ieni|.    In  the  present  study,  heteroplastic  materials,  fro« 
representatiTes  of  the  majority  of  the  vertetoate  classes,  were  used, 
"but  rery  little  could  be  determined  quantitatirely  concerniiog  the 
comparatiTe  araotmts  of  pituitary  required  to  produce  equal  amounts 
of  oTulation  in  the  rarions  classes. 

The  complete  negative  results  obtained  with  piscine  pituitary  are 
in  accord  with  the  majority  of  studies  %iiich  hare  employed  fish  pitui- 
tary for  the  iaduetion  of      vivo  ovulation  in  amphibians  (Creaser 
•Bd  Oortasa.  1935.  1936.  and  Rostsjad,  193^).    The  fact,  that  the 
pituitaries  from  the  true  frogs  (Rana)  and  the  toads  (Bufo).  gave 
about  the  same  ovulation  percentages  as  did  the  controls  (ScaTMotjos) . 
while  those  from  the  tree  frogs  (Eyla)  and  the  narrow-mouthed  toad 
(Microhvla)  gave  lower  results,  is  probably  due  to  the  sise  of  the 
pituitary  glairs  from  these  anurans.    The  low  percentage  of  ovulation 
using  pituitary  from  the  salaaaader  Desmognp.thug  fuscus  aiirlculatus 
is  in  agreement  with  the  work  of  Mams  and  Granger  (1936)  idw  found 
that      vivo  ovulation  in  Rana  -pl-piens  could  only  be  induced  with 
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large  tmnberB  of  Trltunn  pltuitarie*.  Plttiltary  front  both  ■nak* 
(ffttrlx)  and  11  sard  (Sceloporua)  induced  low  percentage  of  oTula- 
tlm  vim  ooB^pared  with  ]d,taitary  from  the  control  SeanhloTjiae.  lut 
to,  this  is  the  firat  aticoeseful  attoapt  at  stinailating  gonad. 
activity  in  Amphibia  with  the  reptilian  pituitairy.  The  only  other 
study  used  reptilian  glande  (snake  •>  Xeiyidon)  to  induce  oTula- 

tion  ^ve  negative  results  in  Bufo  Rtensnm  (Houeeay  and  Gluatl, 
1929).    Bird  pituitary  has  proved  variable  in  inducing  ovulation  in 
Aaphibia.    Roussay  and  Giusti  (1929)  and  Greaser  and  Oortean  (1939) 
obtained  negative  results  when  they  used  chicken  pituitary  on  ttie 
«Md  and  frog,  \^le  Stela  (193^)  and  Witeohi  $1  2l*  (1937)  found 
that  avian  pituitary  would  Induce  ovulation  in  the  newt  Tri turns. 
The  present  study  is  the  first  to  successfxxlly  utilize  avian  pituitary 
to  induce  ovulation  in  the  Anura. 

Creaser  and  Gorbman  (1939)  stated  that  those  Aaphibla  which 
are  responsive  to  fw—nlian  pituitary  preparations,  require  large 
doses  to  induce  ovulation  due  to  the  phylogenetic,  lindting  factor. 
In  the  ll^t  of  this  statesent,  the  sensitivity  of  ia  vitro  ovula- 
tlon  to  the  majority  of  aaasaallaa  hypojiiyseal  preparations  Is  re- 
mrkable*    In  the  present  work,  only  two  of  the  BBBBttliaa  pituitary 
■aterlals  used  gave  negative  results  and  there    Is  a  possible  ex- 
planation for  one  of  these.    The  failure  of  the  swine  gonadotrople 
fraction  to  Induce      vitro  ovulation  ni^t  be  due  to  the  aethod  «f 
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preparation  of  ttie  deslcoated  powdtr?  possibly  tl»  protein  eonplex 
In  the  hormone  wM  denatured  or  edtered  in  some  May,    Actually*  ^« 
gonadotropic  fraction  should  be  more  effeetive  in  eliciting  oTtdation 
j.n  vitro  than  the  \diole  pittiltary  or  the  anterior  lobe  preparations. 

The  failure  of  the  chorionic  goxxado tropin,  from  human  pregiancy 
urlM  (extraet  and  «iiele  urine) ,  to  initiate  la  yitro  ovulation  in 
SeaxMoTTUg  was  not  snrprlslng,  since  thirteen  of  flftem  tests,  uslaff 
hOBan  ^egnancy  urine,  were  unsuccessful  in  inducing  ovulation  in 
eleven  different  species  of  Anora.    Both  Hansen  (1951)  and  biepton 
(1951)  fotind  that  it  was  impossible  to  indtice  spermlatlon  in  the  male 
spadefoot  by  the  injection  of  human  pregnancy  urine  or  eomerdal 
human  chorionic  gonadotoopin.    ^e  insensitiveness  of  both  the  malt 
and  female  SqaTilnio-pus  to  human  chorionic  gonadotropin  nay  well  illus* 
trate  i^iyloeenetle  speeiflc^ty* 

Althot)^  most  natuorallsts  recognize  that  the  eastern  tqpadsfoot 
toad  breeds  over  a  broad  range  of  nontlis  during  the  spring  and  summer, 
iStB  Majority  imply  that  the  breeding  of  this  form  follows  a  cyclic, 
seasonal  pattern.    According  to  the  available  breeding  record, 
Seaphl0Utts  breeds  more  often  in  the  spring  (57  choruses)  and  sum—r 
(^5  choruses)  than  in  the  fall  (12  choruses)  and  winter  (7  choruses), 
because  enltable  environmental  conditions  (heavy  rainfall  and  optlnal 
temperatures)  appear  with  greater  frequency  in  the  spring  and  summer. 
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K«Tcrth«less ,  thl«  doM  not  n«gat«  the  faet  that  breedli^?  nay  oeenr 
at  any  tlm  of  the  year  ^^en  the  tnaperature  and  rainfall  permit. 
If  eztentlTe  reeorde  had  been  kept,  it  is  almost  certain  that  spade* 
foot  breeding  votild  hare  been  reported  for  every  month  in  the  year, 
but  no  records  are  available  for  Kovember  and  December. 

fhe  range  of  months  in  vhidh  ^padefoot  toads  have  been  reported 
to  breed  varies  from  five  months  (April  to  Angost)  in  the  northern 
ststes,  to  six  months  (Mardti  to  Au^st)  in  the  middle  states  and 
ten  months  (January  to  Oetober)  in  the  southern  states.    The  differ- 
ences in  the  range  of  breeding  nwnths  for  these  three  geographic 
areas  are  almost  certainly  due  to  temperature  and  not  rainfall.  Ito- 
doubtedly,  the  low  temperatures  from  September  to  the  following 
spring  prevent  fall  end  winter  breeding  in  the  northern,  as  well  as, 
in  the  ndddle  states.    In  the  southern  states,  the  milder  t«qp«raturet 
•eldom  act  as  a  limiting  factor,  and  breeding  occurs  as  early  as 
February  and  as  late  as  October, 

In  some  portions  of        spedefoot's  range,  there  is  an  inten- 
sity of  breeding  during  certain  months.    In  the  northern  states,  it 
is  probable  that  the  cyclic  weather  conditions  are  repeated  with 
— w>tfi  regularity  each  year  to  produce  the  preponderance  of  breeding 
which  occurs  in  April.    The  spadefoots  of  the  middle  eastern  state* 
ehow  very  little  fluctuation  in  breeding  intensity  for  any  month. 
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la  «lk«  90ut9iexii  p«irt  of  the  r«ng«,  th«r«  mmw  to  ^  aa  Increase  In 

"breeding  In  Tebrxtary  and  ?-{areh  and  again  in  August,  Septeaber,  ad 

October.    The  ncmber  of  records  for  June  is  also  hi^.    It  is  possible 
c 

that  breeding  takes  plaoe  at  about  the  sane  rate  in  each  month  :flth 
•  decline  between  October  and  February,  due  to  colder  ten^eratures. 
fhe  paucity  of  July  deeding  records  for  Florida*  as  well  as  for  the 
other  southern  states,  presents  a  probl«B,  especially  vihen  this  month 
has  one  of  the  hl^est  rates  of  precipitation.    A  review  of  the 
Florida  preelpitatlon  rtmords  from  1893  to  192?  showed  that  July  had 
more  days  \irith  rainfall  than  any  other  mnth  of  the  year  (Mitchell 
and  2insi0i,  1928).    This  would  indicate  that  July  rainfall  is  not  as 
intense  as  ^e  sporadic  rains  of  other  months  that  have  equal  or  aore 
total  precipitation.    It  is  during  heavy  sporadic  rainfall  that  spade- 
foots  generally  breed. 

It  is  now  clear  that  the  eastern  spadefoot  does  not  follow  a 
aaasonal  breeding  pattern,  but  breeds  at  any  time  when  the  proper 
•nvironaeatal  oonditioos  prevail*    Sinoa  a»«t  AaiiMbia  reaorb  their 
•gi?s  when  unfavorable  conditions  exist  during  their  usual  breeding 
•Mson,  the  retention  of  mature,  viable  eggs  by  the  spadefoot  would 
seeo  to  present  a  physiological  problem.    If  Scanhioims  follows  tha 
genaral  pattern  of  most  anurans,  it  is  possible  that  there  is  a 
constant  resorption  of  post-mature  ova  accompanied  by  a  production 
of  newly  maturing  eggs.    It  seems  likely  that  this  is  the  case. 
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•ince  eT«n  the  noat  mature  oyarles  potMss  sosw  iaiBatnre  eggs  la 

▼arioTia  stages  of  dereloTHaent.    On  a  few  occasionst  it  was  fotad 
that  oTsrles  froa  mm  fesiales  contained  paraetioally  all  laaature, 
yolfc-deficifflat  egg8»  even  thotw^  breeding  had  not  occurred  for  an 
extended  period.    There  is  the  possibility  that  individuals  resorb 
their  ^gSt  according  to  their  particular  cycle,  at  various  times 
of  the  year.    There  is  a  recite  possibility  that  spadefoots  are  able 
to  retain  mature  egg*  until  they  breed,  reCMnil***  of  the  time  lapse 
■inee  the  laat  breeding,  willed  la  some  «UM  wty  be  several  years 
or  more.    A  thorou^  stiuiy  of  this  problem  is  definitely  needed. 

One  of  &e  problems  inherent  in  working  with  seasonal  breeding 
In  Au^ddbla  is  tiiiether  it  is  better  to  dispense  with  experlaratal 
work  until  the  species  may  be  used  for  breeding  again,  or  to  use 
two  or  more  species  yAiida.  have  different  breeding  seasons.  This 
study  has  shown  that  tiie  spadefoot  is  not  a  seasonal  breeder,  but 
produces  mature  eggs  and  spersi  at  all  seasons  of  the  year.  There* 
tof,  for  eabryologists,  eodocrisologlsts,  and  others,  ScaTahioTJUa 
holbw|^  affMrdt  a  year  round  sc^ly  of  ovarian  or  embryonic 
aaterial  from  a  single  species. 

It  appears  fairly  certain  that  breeding  in  the  spadefoot  toad 
is  initiated  by  the  stismlating  effects  of  heavy  rainfall  and  optl<* 
mal  tempera trrres.  Sxactly  how  these  stimli  affect  the  toad  is  un- 
known.   Since  it  is  known  that  the  ovaries  are  extrrawly  sensitive 
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to  eonadotroplo  secretion*.  It  was  hoped  that  the      vltre  tecih- 
nlque  nd^t  he  anployed  to  test  whether  stlnull  stiimilatixig  environ^ 
■•ntal  conditions  would  cause  the  hTpophysls  to  release  harper- 
secretions  of  gonadotropin  which  sensitize  the  ovaries.    Xa  vitro 
ovulation  results  obtained  from  experiiaental  females  exposed  to 
li^t,  abrupt  changes  of  teaperatare .  and  lowered  atnospherie 
pressure^  for  a  period  of  forty^el^t  hours,  did  not  differ  signif- 
icantly from  results  obtained  from  control  animals.  However, 
experimental  females  exposed  to  water  gave  significantly  hl^er 
ovulation  percentages  than  controls  kept  in  a  dry  state.    Usln^  a 
gradient  of  soil  moistures,  it  was  found  that  ovulation  ^  vltrQ 
was  correlated  with  water-txptaJos  which  is  dependent  upon  the  amount 
of  soil  moisture.    Females  subjected  to  a  gradient  of  faunidity 
chambers  (9d^  to  0^)  also  showed  that  there  was  a  direct  correlation 
betwaen  ovulation  results  and  percent  faomidlty.    The  reason  that 
ovulation  was  generally  lower  in  toads  exposed  to  a  humidity  gradient 
vas  that  they  were  not  in  direct  contact  with  water.    It  has  lone 
been  known  that  As^ibla  cannot  absorb  water  from  the  air  even  though 
It  may  be  fully  saturated  (Adelph,  1932). 

It  is  well  established  that  the  antidiuretic  hormone  secreted 
by  the  neurohypophysis  (posterior  lobe)  controls  water  balance  in 
anurans.    An  increase  in  the  osmotic  pressure  of  the  blood  and  body 
fluids  stimulated  the  secretion  of  this  hormone,  which  eausea 


122 


lt«sre«««d  ivatMr-«pt«iS»  throtj^  the  skin  ta&  reterds  the  rata  of 
toplne  formation  by  nieans  of  ^omerular  constriction.    It  ie  quite 
possl'ble  the.t  the  vater  regulatory  function  is  in  (MM  way  tied  up 
with  ovulation  reg^llation,    This  oieJit  be  the  case  since  nomd. 
ovulation  only  occurs  in  spadefoots  in  ubich  water»iq>t«lBi  has  takn 
plaee*    This  aey  be  indirect  evldsooe  that  hypotonic  blood  and  body 
fluids  act  upon  the  pituitary,  c&u8in£  it  to  release  gonadotropins. 
Esttssey  (19'»9)  reports  that  gonadotropins  can  be  isolated  froa  the 
Mood  at  the  tine  of  brewing.    In  the  present  study  it  was  possible 
to  isol&te  only  one  specific  envirozuoental  sttsulus  affsoilag  the 
gonads;  that  is,  vater^t^taks. 

from  this  point,  the  writer  would  like  to  postxilate,  in 
accordance  idth  experimental  and  field  observations,  on  >Aat  are 
believed  to  be  the  steps  involved  in  spadsfoot  breeding.    In  their 
burrows,  epadefoots  are  sttbjeot  to  desiccation  or  hydration,  dsp«ad-' 
log  upon  the  moisture  content  of  the  soil,    Bragg  (19*44)  suggested 
that  lite  depth  of  ttie  burrow  is  correlated  with  the  aioount  of  soil 
Bolsture.    When  rainfall  is  sufficient  to  produce  a  soil  moisture 
greet  enou^  to  be  absorbed  by  the  toads,  water-uptake  occurs  and 
•ach  toad*8  body  fluids  ere  replenished,  with  excess  fluids  being 
stored  in  the  lyt^  ssM  and  bladder.    These  facts  are  in  accord  with 
recent  works  dealing  with  the  relationship  of  anuran  water  econoiny  to 
terrestrialisa  (Thorson,  1955,  Iwsr,  1950,  and  Thorson  and  Svihla.  I9kj) 
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iHMkLM  are  physlolo^eally  conditioned  for  'Ceding  one*  &e 
ovaries  have  been  sensitized  lay  water-uptake.    It  has  also  been 
•hoim  that  the  pltultary-lnjeeted  male  aaurans  will  not  releaaa 
sperm,  even  after  "hlstolo^cal  •perndatlon"  has  occurred,  If  Inr- 
suffldent  body  fluids  prevent  urine  formation  (Yalle,  Penhos*  aai 
H«ttm«y*  1952).    It  seeaa  likely,  therefore,  that  eixesslve  rains 
are  needed  for  water^ptake  by  both  c&le  end  feoale  spedefoots 
iMfore  breeding  can  occur. 

The  actual  nechanlsia  stlaulatlng  the  nales  to  call  and  pairt 
to  enter  anplexus  Is  not  known.    The  following  es^lanatlon  seens 
plausible  In  the  ll^t  of  field  observations.    Both  laales  and  fenalet 
have  been  collected  from  low  basins  and  fields.    At  timea  of  heavy 
rainfall,  water  collects  in  these  areas  and  forat  tesporary  ponds 
la  which  toeeding  ohomsea  have  be«i  found*   Kalea  and  f males, 
having  Imrrewa  la  Vhate  lew  ax«M,  wliere  the  grouni  is  first  saturat- 
ed, are  the  first  to  be  conditioned  by  watez*-\^tak».    BMRry  rain 
eventually  foriM  a  tes^rary  pond  vdiich  covers  the  area  where  the** 
burrows  were  looatad.   Toads    which  are  flooded  from  their  burrows 
ere  probably  the  initiators  of  the  breeding  chorus.    Since  the  writer 
has  repeatedly  observed  that  males  will  iioaediately  clasp  feaalM 
when  the  two  sexes  are  placed  together  in  water,  it  smhm  probable 
flMit  the  firat  anplezing  pairs  would  be  those  individ\ials  whi(&  cone 
Into  oentaet  %diile  floating  at  the  surface  of  the  accumulating  water. 
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Xa  »  sense,  &e  rapid  formation  of  stich  tevporsry  ponds  is  eeaparaM.* 
to  placing  the  spadefoot  In  water  where  aa^jlexas  is  kooMH  to  occior. 
This  would  9»9m  to  explain  the  reason  why  ^defoots  do  not  nigrats 
to  ijeanaanent  ponds  for  "toeedlng.    The  breeding  ponds  snst,  flguratire- 
ly  speaklag,  he  hrou^t  to  them,  and  this  is  essentially  vihat  takes 
plaee  \dien  tea^rary  ponds  are  formed  over  their  "burrows,    Oiice  toads 
sre  flooded  from  their  hurro'js,  free  males  utter  loud,  harsh,  breeding 
calls  vMdi.  according  to  most  naturaUsts«  stimOate  bo&  males  anl 
fnnales  to  migrate  to  the  teeetULng  ehorus. 

On  one  occasion  (»et>TO«ry  7,  1955,  Oainenille,  Florida),  the 
writer  obserred  a  small  chorus  (15  to  30  spadefoots)  breedii^  in  a 
tewjorary  pond.    Hundreds  of  spadefoots  remained  in  and  near  their 
burrows  on  the  surrotmding  slopes,  apparently  unstiaulated  by  the 
call  from  these  neles.    This  fact  probably  explains  how  breeding  can 
occur  in  a  large  population  many  times  during  a  giT«i  jMur, 

There  la  the  possibility  that  the  soil  on  the  M^er  ground 
did  not  contain  sufficient  moisture  to  allow  optimal  water-uptake 
%j  the  toads  occupying  these  areas.  Possibly  spadefoots  only  breed 
i*ea  flooded  from  their  burrows,  and  those  living  in  hi^er  areas 
breed  only  when  torrential  downpours  occur.  The  fact  that  spadefoots 
do  not  frequent  permanent  ponds,  eren  in  heavy  rainfall,  si^jports 
the  idea  that  they  norraaUy  breed  only  when  flooded  from  their  burrows. 
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Diarlng  aapleTua,  l«rf«  «ecpetlon«  ot  ijonaAotroplns  o*ra«e  Indlvld- 
uelt  of  eacih  sex  to  liberate  jmd  expel  their  respective  gaaetes; 
tpera  In  the  mle  (8x}erBlatlon)  sxA  ova  In  the  faaale  (ovulation)  . 

The  jareaent  study  on  la  vitro  ovulation  in  ScatihlOTfUs  holbrookl 
has  shown  that  the  n&tural  breeding  process  of  this  form  merits 
further  Investigation* 
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1.  The  phyalolosleel  tco&  eeologleel  a«p«ots  of  ifl  Titro  ovulation 

of  the  eastern  apadefoot  toed,  Seatahlo-aaa  holbrooki.  were  studied 
from  May,  195^.  throu^  Jtdj,  1955. 

2.  A  total  of  1007  Bale  and  feiaale  epadefoot  toads,  collected  near 
GainesTllle,  Floirlda,  were  used  as  pituitary  and  ovarian  donors. 

3.  Pieces  of  spadefoot  orarlee  were  mtpended,  on  cotton  threads.  In 
stoppered  vials  containing  pituitary  materials  weerated  in  Holt- 
freter's  solution.    Percentages  of  ovulation  were  determined  by 
dividing  the  nuaber  of  e^s  ovulated  by  the  total  nuisber  of  eggs 
present  in  the  ovarian  fragment  and  laaltiplylng  by  100. 

h»    Male  spadefoot  pituitary  was  found  to  be  approximately  78  percent 
as  potent  as  feaale  pituitary  in  evoking  ovulation  ^  vitro. 

5*    Althou^  individnal  vaxiatioa  in  ovulation  percentages  was  relative- 
ly hi^,  no  significant  differences  were  obtained  anong  individuals 
when  a  ntunber  of  tests  were  made. 

6.    In  experiments  involving  371  separate  ia  vltrp  tests,  little  or 
no  correlation  was  found  between  the  size  of  the  male  pituitary 
donor  (in  effect,  the  size  of  the  pituitary)  and  the  degree  of 
ovulation  induced. 

7>    No  relationship  was  found  to  exist  between  the  size  of  female 
ovarian  donors  and  the  percentage  of  ovulation. 
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8.    A  dilution  of  one  pituitary  euspendcd  In  10  oa.  of  Holtfret«r*t 
solution  evoked  audaal      ▼l^ro  ovulation,  vMle  concentrations 
above  end  below  this  dilution  tended  to  produce  saaller  percent- 
•cet  of  ovulation. 

9*    When  a  dilution  of  one  pituitary  In  10  lal.  of  solution  was  used* 
ovulation      vltrp  began  In  three  and  one^half  hours  and  was 
completed  after  eleven  and  one-half  hotirs.    Ovulation  was  oost 
rapid  In  the  three  hours  Imnedlately  following  its  initlatlont 
with  a  nazlmal  peak  during  the  third  hour* 
10*    Light  and  darkness  had  no  apparent  effect  on  j^^i  vltrQ  ovulation. 

11.  vitro  ovulation  occurred  between  10^  and  30°  C,  with  an 
optiiaam  temperature  at  a^cut  Zkf*  C.    Oonplete  Inhibition  occurred 
at  9**  and  31°  C 

12.  Ovulation  ia  'yitr9  occurred  between  pH  values  of  6.5  and  8.3  In  a 
0.07K  sodium  j^osphate  buffering  systesu    Maximal  activity  took 
place  near  the  point  of  neutrality,  at  a  pH  of  7.3.    The  coBtplete 
iflihlbition  of  ovulation  resulting  from  the  use  of  a  veronal  acetate 
buffer  was  probably  due  to  the  narcotic  effects  of  the  veronal. 

13*    Heteroplastlo  pituitary  naterlals  from  representatives  of  laost  of 
the  vertebrate  classes  were  used  In  the  induction  of  ovulation 
In  ▼itro.    Afflphlblan,  reptilian,  avian,  and  the  majority  of  maaBuali- 
an  pitviitary  jareparations  evoked  ovulation,  while  piscine  pituitary, 
swine  gonadotropin  fractions,  and  human  chorionic  gonadotropins 
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reacted  negatively.    The  present  sttidy  was  the  first  to  sticcess> 
ftilly  utilize  reptilisa  and  avian  pittiitaries  for  the  induction 
of  ovulation  In  the  Anura, 

A  study  of  availa'ble  records  indicated  that  breeding  in  the  spade- 
foot  does  not  follow  a  eyolic,  seasonal  pattern.  Vat  any  ocenr 
in  almost  any  month  of  the  year.    Breeding  appears  to  be  initiat- 
ed by  a  combination  of  heavy  rainfall  and  warm  temperature. 
Using  the      ""itro  ovulation  tedxnique  it  was  possible  to  test 
for  ovarian  sensitization.    £xpo3\ure  of  females  to  li^t  and 
darkness*  abrupt  changes  of  temperatursi  and  lowered  atmospheric 
pressure  produced  no  apparent  effect  upon  i|X  vltrp,  ovulation. 
However,  when  females  were  placed  in  contact  with  water  or  ex- 
posed to  high  humidities,  significantly  higher  percentages  of 
ia  "yitro  ovulation  were  obtained.    It  has  been  suggested  that 
watei^ptaka  may  stimolate  the  hypophysis  to  release  gonado* 
tropins  x^hich  subsequently  sensitize  the  ovaries. 
Hypophysectomy  of  female  toads  caused  a  sensitization  of  the 
ovaries  %diieh  resulted  in  hi^er  jja  vitrp  ovulation  percentages, 
A  monthly  study  of  spadefoot  gonads  revealed  no  seasonal  varia^ 
tion  in  the  condition  of  either  the  ovary  or  the  testis. 
Beeaose  of  the  marked  parallelism  between  ovulation  ia  vitro, 
and  ovulation  1^  vivo,  it  was  concluded  ♦'hat  the  ia  vitrp  tech- 
nique afforded  a  Valid  method  of  studying  annran  ovulation. 
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19*    It  has  been  observed  that  spadefoots  are  aotive  In  nattire  be- 
tween 50°  and  8^'  I*,  with  an  optiaum  of  69®  J".,  vtile  breeding 
occurs  betv/een  ^  and  83*'  F.  with  an  optiraum  of  71°  F.  The 
narked  similarity  between  these  ten^jerattireB  and  the  lioitlng 
(50**  -  86®  F.)  and  optlaan  (7^**  F.)  tea^jeraturea  for  4a  yltro 
orulatlon  lends  fiirther  support  to  the  validity  of  the  4a  v^ityo 
technique. 

2fi<,    Since  the  majority  of  spadefoot  toads  retain  aatiare  ora  and  8p«ra 
throxi^ottt  all  seasons,  they  afford  an  excellent  source  of 
ovarian  and  «jbryonlc  material  for  the  embryologlst,  endocrinolo- 
gist, and  others. 

21,    Ifader  natural  conditions,  water-XQ)talce  is  necessary  to  the  fenale 
for  ovarian  sensitization  and  for  urine  formation  idiioh  provides 
a  aadluin  for  the  transportation  of  spera  in  the  male.    It  is 
therefore  svAgasted  that  toads  \dilch  are  flooded  from  their 
■burrows  In  the  low  areas  probably  are  the  first  to  initiate  the 
breedine  choruis. 
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Wg.  1.    Single  excised  gpadefoot  oYary  (sontftluing  nine  ese- 
fllled  lobes. 


Fig,  2.    Vial-rack  holding  viala  whldi  contain  orarlan  fragaent* 
tuapended  on  cotton  threads  in  pituitary  extract* 


Fig,  3.    Control  vial  (left)  containing  only  Holtfrater'e  solution 
and  experimental  vial  (rigjit)  containing  Holtfreter*s 
solution  and  pituitary  hoaofieaate.    Sggs  at  the  hot  torn 
of  the  experimental  vial  half  been  ovolalti  fyoB  the 
hanging  ovarian  fra<paent» 


Fie.  1. 
Pie.  2. 
rig.  3* 


Ventral  view  of  excised  spadefoot  cranlua  Mrered  thro\x^ 
the  cervical  region  and  angle  of  the  jaw. 


CranlTsa  showing  exposed  parasphenoid  bone  after  the  reoo'T^ 
el  of  the  oral  mucosa  from  the  iroof  of  the  cmith. 


Cranitm  with  brain  case  opened  ventrally,  allowing  the 
exposed  pltviltery  gland  {small  ^te  lobe)  Just  posterior 
te  the  optle  ehlasMi. 
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